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CHAPTER VII 

U0LBCULE8 AND ATOMS. THE LAWS OF OAY-LUBSAO AND 

AVOGADRO-OERHARDT 

Htdrooen combines with oxygen in the proportion of two volumes to 
one. The composition by volume of nitrous oxide is exactly similar- 
it is composed of two volumes of nitrogen and one volume of oxygen. 
By decomposing ammonia by the action of an electric spark it is easy 
to prove that it contains one volume of nitrogen to three volumes of 
hydrogen. So, similarly, it is found, whenever a compound is decom- 
posed and the volumes of the gases proceeding from it are measured, 
that the volumes of the gases or vapours entering into combination 
are in a very simple proportion to one another. With water, nitrous 
oxide, &c., this may be proved by direct observation ; but ih the majori^ 
of cases, and especially with substances which, although volatile— that 
18, capable of passing into a gaseous (or vaporous) state— are liquid at 
the ordinary temperature, such a direct method of observation presents 
many difficulties. But, then, if the densities of the vapours and gases 
be known, the same simplicity in their ratio is shown by calculation. 
'The volume of a substance is proportional to its weight, and inversely 
proportional to its density, and therefore by dividing the amount by 
weight of each substani^ entering into the composition of a compound 
by its density in the gaseous or vaporous state we shall obtain factors 
which will be in the same proportion as the volumes of the substances 
•entering into the composition of the compound.* So, for example^ 

* If the wa^t be indicated by P. the density by D, and the volume by V, then 

P 

i«diere iC is a coefficient depending on the eyttem of the expresBione P, D, and V II D 
jbe the weight of a cubic measure of a substance referred to the weight of the same 
jneasare of water— if, as in the metrical system (Chapter I., Note 9), the cubic measure ol 
J0U6 part by weight of water be taken as a unit of volume— then K=l. But, whaterer it 
hB, it it cancelled in dealing with the coniparison of volumes, because comparative and nol 
itbaolute measures of volumes are taken. In this chapter, as throughout the book, th« 
iwiiglit P is given in grams in dsaliag with absolute weights; and if eomparalivs, as in 
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•water ooDtains eight parU hj "vrdglit of oxygen to one part by Widight 
of hydrogen, and their densities are 16 and 1, oonsequently their 
volumes (or the above-mentioned factors) are 1 and ^, and therefore 
it is seen without direct experiment that water contains two volumes, 
of hydrogen for every one volume of oxygen. So also, knowing Chat 
nitric oxide contains fourteen parts of nitrogen and sixteen parts of 
oxygen, and knowing that the specifio|^vities of these last two gases are, 
fourteen and sixteen, we find that the volumes in which nitrogen and 
oxygen combine for the formation of nitric oxide are in the proportion 
of 1 : I. We will cite another example. In the last chat)ter we saw 
that the density of NOg only becomes constant and equal to twenty* 
three (referred to hydrogen) above 1 35^ and as a matter of fact a method 
of direct observation of the volumetric composition of this substance 
would be very difficult at so high a temperature. But it may be 
easily calculatted. NO^, as is seen from its formula and analysis, contains 
thirty-two parts by weight of oxygen to fourteen parts by weight of 
nitrogen, forming forty-six parts by weight of NO j, and knowing the 
densities of these gases we find that one volume of nitrogen with two 
volumes of oxygen gives two volumes of nitrogen peroxide. Therefore, 
knowing the amounts by weight of the substances participating in a 
reaction or forming a given substance, and knowing the density of the 
gas pr vapour,* the volumetric relations of the substances acting in a 

the ezpresfion of ohemioal eompoiiiion, then, the weight of an atom in taken as onity. 
The density of gases, D, is also taken in fefereooe to the density of hydrogen, and the 
Vblnme V in metrfoal units (onbio centimetres)ril it be a matter of absolute magnitudes 
of Tolumes, and if it be a matter of chemical transformations — that is, of relatite Tolumea 
— ^then the Tolume of an atom of hydi^en, or of on« part by weight of hydrogen, is taken 
at unity, and all volumes are ezpMssed according to these units. 

' As the volumetric relations of vapours apd gases, next to the relations of substances 
by weight, fofm the most important province of chemistry, and a mOst important means 
tor the attainment of chemical conclusions, and inasmuch as these volumetric rellbtione 
are determined by the densities of gases and vapours, necessarily the methods of deter* 
mining the densities of vapours (and also of gases) are important ISctors in chemical 
research. These methods are described in detaU in works on physics and physical 
and analytical chemistry, and therefore we here only touch on the general principles of 
the subject 

If we know the weighty and volume v, occupied by the vapour ol a given substance 
at a temperature t and pressure A, then its density may be directly obtained by dividing 
p by the weight of a volume v of hjrdrogen (il the density be expressed according to 
hydrogen, iee Chapter II., Note 28) at t and h. Hence, the methods of determining the 
density- of vapours and gases are based on the determination of p^ v, <, and K The two 
last data (the temperature i and pressure h) are givcu by the thermometer and barometer 
and the heights of mercury or other liquid -confining the gas, and therefore do aoi 
require further explanation. It need only be remarked that : (1) In the case of eaijlj 
volatile liquids there is no difficulty in procuring a bath with a constant temperature, 
but that it is nevertheless best (especially considering the inaccuracy of thermometers) 
to have a medium of absolutely constant temperature, and therefore to take either a 
bath in which some substance tt melting— such as melting ice at 0<^ or crystals .ot 
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renctjon or entering into the composition of a compound, may be aUo 
detpnnined. 
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'ing tha preuDTS under which It ie boiling, to datannloa 
Um UtDpentlua ot tha npont. Fat this pnpow Ihs boillug point* of wtlar al diSaratit 

Einnrs»»regiv«iinChBpWI.,Kotell,«idtheboiliDgpoinUo(eorUiaaiiBilypn)eoi«bl» 
nidi4t™riooiprenoieiiiwgiTBniiiChsptorII..Noi« i1. (») With reip«t to lampea- 
lon* abova 800° (balow whiota marcuri&l tbarmomalarg a»; be coDTenienll; emplojad}, 
Uuqi «ia moM aiiuplj obloined conitaat (to giio liiDs lor the neight and vDlnme ai > 
nbatanoe being obtarrad is a giTth apacfl, imd to illaw Uiut Bpucu to att&iii tba caleD- 
htad tempentnra 1} bj meaai ol nbsUnooa boiling aX u high tcmpstaiura. Thus. lot 
butaoca, M the otdinar; atmoipheriii ptaaaare Ihs tanpentara I ol the lapont ol 
•olphni it about iWt oF phosphoraB pentaaulpbidB SIS", of tin chlorida t06°. oF cad* 
BriBIB nO°, ol aino 080° (aacording to Violla and othen), or 10*0= (aOTOrding to I>a»illa), 
to, (S| Tbs lodJatiom o( tha hidrogon thmnomelet Inuat be coniidered la the moat 
Avaot (bnt aa hjdro^a dilTnin throTigb incandeacent platbinm, nitrogan it aauallj 
■mi^Djed). (1) Tbe tamperatare ol Ihs vupoura naad •■ the ImUi Bhonld in tytrj oa* 
ba aarenl degrvaa higher than tha boiling pomt ol tba liquid irlioH denaitj ia to ba 

eiuDple ol nitric peraiid< (Chapter VI.). tha tapour dBusitf 
iDitut inlh a chaDgc ol I, u it ihould were tha law of tha 
npasaion ol ga»B and Taponra abiolDtel]! aitrt (Chapter II„ Note Mj. If vihatioDi ot 
• chemical and pfayeiul calnre ■imilar to that wbich we saw in nilrio paroiida taka 



doM ool slwa 



TUT *'''> 'i U'd tberelors the possible eSec 
1b mind in having reCDitne to this maass of 
coBiaBience o( obsorralioi, tha vmpoor desi 
snrs which fa r»d on the barometer ; bnt i 
Used with difBealt^, and alio of sabstaaDM 
Isrnporatnraa oear their boiling points, it isbei 

obasrvBtiona huTO t 



t of ( on tbe danaity mnat alwaya be kepi 
invattigatiOD. (S) Uinall]', lor the aaks of 
Lty is determined at the attnoapberic pres- 

It or eien indiipep»hla to conduct the dotar- 
.cea which docompose at low prsBaarea tha 
lore or lees coniidenht; increaud praisure. 
'mine the ••.pom deniit:r "' a anbstuice in 



Note 1). This method is eipeciallT impottaut for eubstaticei which uo csaily decom- 
posable. beMSBa, M ahown by the phonomans ol dissociatioD, a eubaUnca ia ible to remain 
unchanged in the atmoapbere ot one of iti jrDducti ot decompoiitlon. Thus, Wurta 
detatminad the density ot pboaphocia chloride, POIjj, in admixture with the viLpour of 
phoaphonma chloride, PClj. (T) It i> andent, Itom the eiunplo ol nitrie peroiide, th*( 
acbanga of presnin may alter the density and lid decomposition, and therefore identical- 
tesolte are sometimes ohtiuned (il the density be variable) by raiting I and lowering h f 
bat il the denaitj does not vary under theae varialile conditions (at least, to an 
•Ilest sppreoiahly eiceedlng tbe Umitsof elperimental error], then this comfanf densilj 
tudicatesthafiufoiusadiinuanaileBUteotaBnbsluice. The lasibereiLller tnid down 

■ oonttant denuty at a oerttin degrBe abore tbeir boiling points np to the starting point 
ol decoaipo«tion. Thus, the density ol igneous vapour does not vary for I betwawi 
the ocdisBiy (eml»rataT< and 1000° (there are no trnatworthy detrrmbationi beyond 
Ibis) Mid lor piestores varying trom traction) ot an atmosphere op to several atmo- 
•pbnas. U. howevit, the density does vsiy considerably with a vnnatios ot A and I, 
Iha taol niay mtts as a gnide lor the investigation ol the chvmical changes »hidi an 
A by tbe aubalAnoe In a atatfl ol vapour, or at leaat aa an indication of a 
he lawa ol Boyle, Msriotle, and Giy-LDssao (for the eipansloo ol gtse* 
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tion of definite chemical compounds, shows that the volumes of the react* 
ing substances in a gaseous or vaporous state are either equal or are in 




Pio. 64.— Hofmnnn's apparatus for 
determining vapour densitiea. Tlit 
internal tube, about one metre lonff, 
which is calibmccd and graduated. 
Is filled \Ylth mercury and Inverted 
in a mercury bath. K small bottle 
(depicted in its natural size on the 
left) containing a weighed quantity 
of tne liquid whose vapour density It 
to be determined, is introduced into 
the Torricellian vacuum. Steam, 
or the vapour of amyl alcohol. Ste*, 
is passeil through tne outer tube^ 
and heats the Internal tube to the 
temperature r.at which the volume 
of vapour Is measured. 




A 



JTia. 5*.— Victor Meyer's apparatus for 
determining vapour densities. The 
tube b is heated in the raiiour of 
R liquid of constant boiling point. 
A glass tube, contniniug the liquiil 
to be experimented upon, is caused 
to fall from d. The air displaced is 
collected in the cylinder «, in the 
trough/ 



weighing, and, if quite full of the liquid, breaks when heated in a vacuum) is intro* 
daced into a graduated cylinder heated to t, or simply into a Torricellian vacuum, as 
shown in fig. 64, and the number of volumes occupied by the vapour noted when the 
space holding it is heated to the desired temperature t. 

The method of displacement {c) proposed by Victor Meyer is based on the fact tliat a 
space 6 is heated to a constant temperature t (by the surrounding vapours of a liquid of 
constant boiling point), and the air (or other gas enclosed in this space) is allowed to 
attain this temperature, and when it has done so a glass bulb containing a weighed quan* 
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•imple multiple proportion.' Tblt formt the^mf law of those diecoirared 
by Oai^Lu$$ae, It may be formvkted m foUowt : Th^ omomilt qf tiid* 
stances enUring into ehemieal reaction occupy under similar pkyiicaU 
oonditions^ in a gaseous or vaporotu sUUe^ equal or simple muUipU 
volumes. This law refers not only to elements, bat also to compounds 
entering into mutual chemical combination ; thus, for example, one 
volume of ammonia gas combines with one volume of hydrogen dUoridsw 
For in the formation of sal-ammoniac, NH4OI, there enter into reaction 
17 parts by weight of ammonia, NH3, which is 8*5 times denser than 
hydrogen, and 36*5 parts by weight of hydrogen chloride^ whose vapour 
density is 18*25 times that of hydrogen, as has been proved by direct 
experiment. By dividing the weights by the respective densities we 
find that the volume of ammonia, NH3, is equal to two, and so also the 
volume of hydrogen chloride. Hence the volumes of the compounds 
which here combine together arc equal to each other. Taking into 
consideration that the law of Qay-Lussac holds good, not only for 
elements, but also for compounds, it should be expresseil as follows : 
Substances interact with one another in commensurable volumes of their 
vapours,* 

tity of the •nbtUnce lo b« exporimentod with it dropped Into th« iipaco. The tnbttano* 
it immediately conyerted into vapoor, and ditplaoet the tir into the graduated cylinder «. 
The amount of thit air it calculated from its volume, and hemse Uie Tolume at t, and 
therefore alto the volume occupied by the vapou**, it found. The general arrangement 
of the apparatut it given in fig. 66. 

s Vapourt and gatee, at already explained in the teoond cluster, are tubject to the 
■ame lawt, which are, however, only approximate. It it evident that for the deductioa 
of the lawt which will preaently be enunciated it it only poee ib l e to take into oontideration 
a perfect gateout ttate (far removed from the liquid ttate) and diemical invariability in 
which the vapour dsntity it eon tt ant — that it, the volume of a given gat or vapour 
variet like a volume of hydrogen, air, or other gat, with the pteetuie and temperature. 

It it necettaiy to make thit ttatement in order thai it may be eltMly teea that the 
lawt of gateout voloinee, which we thall detoribe pteeently, ve in the meet intimate 
connection with the lawa of jtho variationt of volum«e with pntcvre and temperature, 
and at thete latter lawt (Chapter n.) tie not infallible, b«t oidy approyimately exact, the 
tame, therefore, appliet to the lawt about to be deteribed. And at it it poenble to find 
more exact lawi (a teeond approodmation) for the variation of • witk j» and t (lor example, 
ran der Waalt' fbnnula. Chapter II., Note 88), to alto ajonore exact expreetion of the 
relation be tw ee n the compoei t io o and the dentity of vapoore and gaaee it alto possible. 
But to prevent any doubt anting at the very beginning aa to the breadth and general 
application of the lawt of volmnee, it will be tuificient to mention that the density of 
tttoh gatet at oxygen, nitrogen, and oarbonio anhydride it already known to remain 
comstamt (within the limit* of experimental error) between the ordinary tempeiatva 
sad a white beat; whiUt, judg in g tro m what ia said in my work on the 'Tenrion of Oaaee' 
(vd. L p»9), it may be aaid that, aa legnzde preeeore, the leletive dentity remaina very 
constant, even whra the deviationi from Mariotte't law are very eonetderable. However, 
m thia reapeot the nomber ol data ie at yet too tmall to arrive at an exact eo ncl ntion. 

« We moet reoolWet thet thit hnr it only ippffmimate, like Boyle and ICariotte'a law, 
smA timt, th ew i cw^ liln the latter, » OMsa exnet expiemian may be found for the 
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The lav of combining volumes and the lav of mnltiple proportioa 
were discovered independeatly of each other — the one in France by 
Gay-Lussao, the other in England by Datton — almost simoltaneoosly. 
In the language of the atomic hypothesis it may be said that atomic 
qoantities of elements oc<^py equal or multiple volumes. 

The first lav of Qay-Lussao expresses the relation betveen the 
volumes of the component parts of a compound. Let us nov consider 
the relation ejusting betveen the volumes of the component parts aftd 
of the compounds vhich proceed from them. This may sometimes be 
determined by direct observation. Thus the volume occupied by wateri 
formed by tvo volumes of hydrogen and one volume of oxygen, may be 
determined' by the aid of the apparatus shovn in fig. 56. The long 
glass tube is closed at the top and open at the bottom, vhich is 
immersed in a cylinder containing mercury. The closed end is 
furnished vitli vires like a eudiometer. The tube is filled vith 
mercury, and then a certain volume of detonating gas is introduced. 
This gas is obtained from the decomposition of vater, and therefore in, 
every three volumes contains two volumes of hydrogen and one volume 
of oxygen. The tube is surrounded by a second and vider glass tube^- 
and the vapour of a substance boiling above 100^ — that is, vhos^ boiling, 
point is higher than that of vater — ib passed through the annular spacei 
betveen them. Amyl alcohol, vhose boiling point is 132®, may be' 
taken for this purpose. The amyl alcohol is boiled in the vessel to the>' 
right hand and its vapour passed betveen the vails of the tvo tubes. 
In the case of amyl alcohol the outer glass tube should be connected vith 
a condenser to prevent the escape into the air of the unpleasant- smelling 
vapour. The detonating gas is thus heated up to a temperature o^ 
132® When its volume becomes constant it is measured, the height of 
the column of mercury in the tube above the level of the mercxury in the 
cylinder being noted. Let this volume equal v ; it vill therefore con* 
tain ^ V of oxygen and } v of hydrogen. The current of vapour is then 
stopped, 'and the gas exploded ; vater is formed, vhich condenses inta^ 
a liquid. The volume occupied by the vapour of the vater formed has( 
nov to be determined. For this purpose the vapour of the amyl alcohol^ 
is again passed betveen the tubes, and thus the vhole of the vateij 
formed is converted into vapour at the same temperature as that at| 
vhich the detonating gas was measured , and the cylinder of mercury 
being raised until the column of mercury in the tube stands at the sama 
height above the surface of the mercury in the cylinder as it did before 
the explosion, it is found that the volume of the vater formed is equall 
to § V — that is, it is equal to the volume of the hydrogen contained 
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In It Cimsei^uently the volumetric composition of water is expressed 
in the following terms ; Two volumes of hydrogen combiDe with 
one volume of oxygen to form two volumes of aqueous vapour. For 
substances which are gaseous at the ordinary temperature, this direct 
method of observation ia sometimes very easily conducted j for 
instance, with ammonia, nitric and nitrous oxides, Thus to deterioine 
the composition by volume of nitrous oxide, the above- described 
apparatus may be employed. Nitrous oxide i» introduced into the 
tube, and after measuring its volume electric GparkE are passed 
through the gaa ; it is then found that two volumes of nitrous oxide 
hiive given three volumes of gases— namely, two voliimoa of nitrogen 
and one volume of oxygen. Consequently the composition of nitrous 
OKtde is similar to that ot water ; two volumes of nitrogen and one 
volanje of oxygen give two volumes of nitrous oxide. By decompoaing 
ammonia it is found to be composed iu such a manner that two volumes 
give one volume of nitrogen and three volumes of hydrogen ; also two 
volumes of nitric oxide are formed by the union of one volume of oxygen 
with one volume of nitrogen. The same relations may be proved by 
calcalation from the vapour densities, as was described above. 

Compariaons of various results mide by the aid of direct observa- 
tions or calculation, an example of which bus just been cited, led Ony- 
Lussao to the conclusion that the wp?nwi* o/a compound in a gaKOUt or 
vaporous stale it alwai/a in aimpk muUiph proportion to the tolume 
of each of the eomponent parts o/wliiek it {s/ormed (and consequently 
to the sum of the volumea of the elements of -which it is formed). This 
is the Ktrond taw of Gay-Lusaae ; it extends the simplicity of the 
volumetric relations to compounds, and ia of the same nature as 
that presented by the elements entering into mutual combination. 
Hence not only the substances forming a given compound, but also 
the substances formed, exhibit a simple relation of volume when 
measured as vapour or gas,' 

When a compound is formed from two or more components, there 
may or may not be a contraction ; the volume of the reacting substance.t 
isinthis cose eitherequaltoorgreater than the volume of the resultant 
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oompound. The revene is naturaDy observe in tbe ease of deoom* 
positions, when £rom one substance there are produced sereral of 
simpler nature. Therefore in the future we shall term cambintUion 
a reaction in which a contraction is obserred — that is, a diminution in 
the volume of the component bodies in a state of vapour or gas ; and 
we shall term decomposition a reaction in which an expansion is pro* 
duced : while those reactions in which the volumes in a gaseous or 
vaporous state remain constant (the volumes being naturally com* 
pared at the same temperature and pressure) we shidl term reactions 
of tuhitittUion or of double decomposition. Thus the transition of 
oxygen into ozone is a reaction of combination, the formation of nit^ui 
oxide from oxygen and nitrogen will also be a combination, the 
formation of nitric oxide from the same will be a reaction of sub* 
stitution, the action of oxygen on nitric oxide a combination, and 
soon. 

The degree of contraction produced in the formation of chemical 
compounds not unfrequently leads to the possibility of diistinguishing 
the degree of change which takes place in the chemical character of 
the components when combined. In those cases in which a contrac* 
tion occurs, the- properties of the .resultant compound are very dif 
ierent from the properties of the substances of which it is composed. 
Thus ammonia bears no resemblance in its physical or chemical pro- 
perties to the elements from which it is derived ; a contraction takes 
place in a state of vapour, indicating a proximation of the elements — 
the distance between the atoms is diminished, and from gaseous sub* 
stances there is formed a liquid substance, or at any rate one which is 
^ily liquefied. For this reason nitrous oxide formed by the conden- 
sation of two permanent gases is a substance which is somewhat easily 
converted into a liquid again, nitric acid, which ii formed from 
elements which are permanent gases, is a liquid, whilst, on the contrary, 
nitric oxide, which is formed without contraction and is decomposed 
without expansion, remains a gas which is as difficult to liquefy as 
nitrogen and oxygen. In order to obtain a still more complete idea of 
the dependence of the properties of a compound on the properties of 
^he component substances, it is further necessary to know the quantity 
of heat which is developed in the formation of the compound. If this 
quantity be large— as, for example, in the formation of water— then 
the amount of energy in the resultant compound will be considerably 
less than the energy of the elements entering into its composition ; 
whilst) on the contrary, if the amount of heat evolved in the formaUoo 
of a oompound be smsJl, or if there even be an absorption of heat^ as 
in the formation of nitrous oxide^ then the energy of the elements is 



* 
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not ilutroyed, or is only altered to a digbt ext«nt ; hence, notvith- 
Btotxliag the contracttOQ (compresrioo) iuTolved in iU fonnatioa, 
nttroui oxide luf^orts eombnstion. 

The precediDg Uirs were ijedoced boiA purefy exparioNotal and 
emptrical data and as such evoke further coosocioences, as the law of 
maltiple proportiona gore rise to the atomic theory olid the law of 
oquivalenta <Chapt«r IV,) In view of the atomic conception of the 
oonrtitntion of subs'tancei, the question natnrally arises as to what, 
then, are the relntii-e yolumes proper to tbosa phyaically indivisible 
molectilea which chemically react on each other and oonaiat of the 
atoms of elements. The simpleBt possible hypothesis in this respect 
would Uo that the volumes of the moleciilee of aabstancei are eqn^l ; or, 
what is the same thing, to snppoee that equal Tolunaea of vapours aitd 
gases coaUkin an equal number of moLecoIes. This propoaition waa 
first enunciated by the Italian savant iixtgadro in, 1810. It waa 
also admitted by the French physico- mathematician Ampire (1815) 
for the sake of limplitying all kinds of physico- mathematical concep- 
tkiDa respectin^t gases. But Avogadro and Ampbre'a propositions wora 
Dot generally received in science until Oerhardt in the fortieu had 
applied tiient to the geoenlisatioa of chemical reactions, aqd had 
demonstrated, by aid of a series of phenomena, that" the reactions of 
substances actnally tako place with the greatest simplicity, and more 
cspeciflJIy that such reactions take place between those quantities of 
BubiitB.ncea which occupy equal volame», and until he had stated tho 
hypothesis in an exact manner and deduced the oonsequeucea thai 
necessarily follow from it. Following Qerhardt, Clausiua, in the fifties, 
placed this hypothesis of the equality of the number of molecules in 
equal volumes of gases and vapours on the basis of the kinetia theory 
ofgHses. At the precent day tliebjpolhcsiaaf Avogadro and Qeihardb 
lies at the basis of contemporary physical, mechanical, and chemical 
omceptioas ; the consequences arising frooi it have often been subject 
to doubt, bat in tbeend have been verified by the most diverse methods ; 
and now, when all efforts to' refute those oonsequeacea have proved 
fruitless, the bypotheds must be considered as Verified,' and the law of 
Avogadro-Gerhardt must be spoken of as fnndamcntal, and as of great 
importance for tho comprehension of the phenomena of nature. Tha 

s It niDBt Dol be [eigotloD lJu4 Nevtco'i )•■ of pvrity vu Snt ■ lijpotlusu*, bat 111 
bechiofl * tnutworUiy. pfe ri e rt ^Aansy, AJut scquMil tb£ qDAlhidi oi 4 fundomuitaJ \aM 
owiDg to Iha ccmcoid between iU •ledu^jaiu uul actuAl futs. Ail lavs, lUl tli«]riea,o( 
Aiflfab bjpotbeaefl. BQQiBBjvnkpiilIjeflb»bbflhedb]FbbeLrooiia»t 
ig witb facta ; otben ooli tkko root bj alow dsgnaas uid tbem 
tf whlab ■» dertimdio b« Teloled owiiig lo tbu eoDBsqitBDCei being taa»d t4 



810 PRINCIPLES OF CHEMISTRY 

lav may now be fonnalated from two point4s of view In the first places 
from a physical aspect : sqiud volumei o/gtues (or vapoura) at equal tem- 
peratures and pressures contain the tame number qf molectUet—or of 
particles of matter which are neither mechanically nor physically 
divisible— previous to chemical change. In the second place, from a 
chemical aspect, the same law may be expressed thus : the qtMntitiee of 
eubstances entering into chemical reactions occupy^ in a state qf vapour, 
equal volumes. For our purpose the chemical asp^t is the most im- 
portant, and therefore, before developing the law and its consequences, 
we will consider the chemical phenomena from which the law is deduced 
or which it serves to explain. 

When two isolated substances interact with each other directly and 
easily — as, for instance, an alkali and an acid — then it is found that the 
reaction is accomplished between quantities which in a gaseous state 
occupy equal volumes. Thus ammonia, NH3, reacts directly with 
hydh>chloric acid, HCl, forming sal-ammoniac, NH4CI, and in this 
case the 17 parts by weight of ammonia occupy the same volume 
as the 36 '5 parts by weight of hydrochloric acid.' Ethylene, 
jOsH4, combines with chlorine, CI 2, in only one proportion, forming 
ethylene dichloride, C2H4CI2, and this combination proceeds directly 
and with great facility, the reacting quantities occupying equal 
volumes. Chlorine reacts with hydrogen in only one proportion, 
forming hydrochloric acid, HCl, and in this case equal volumes in- 
teract with each other. If an equality of volumes is observed in cases 
of combioation, it should be even more frequently encountered in 
cases of decomposition, taking place in substances which split up into 
two others. Indeed, acetic acid breaks up into marsh gas, CH4, and 
carbonic anhydride, CO2, and in the proportions in which they are 
formed from acetic acid they occupy equal volumes. Also from 
phthalic acid, C8H6O4, there may be obtained l>enzoio acid, CjHoO), 
and carbonic anhydride, CO2, and as all the elements of phthalic acid 
enter into the composition of these substances, it follows that, although 

Thit It not only seen from theaboTe calcalations,butnuty be proved by experiment 
A glftM tube, divided in the middle by a ttopcock, it taken and one portion filled with 
dry hydrogen chloride (the drynett of the gasei it very necettary, becaose ammonia 
and hydrogen chloride are both very toluble in water, bo that a tmall trace of water 
may contain a large amount of thete gases in solution) and the other with dry ammonia, 
under the atmospheric pressure. One orifice (for instance, of that portion which containi 
the ammonia) it firmly closed, and the other is immersed under mercury, and the cock is 
then opened. Solid sal-ammoniac is formed, but if the volume of one gas be greater 
than that of the other, some of the first gas will remain. By immersing the tube in the 
mercury in order that the internal pressure shall equal the atmospheric pressure, it may 
•atily be shown that the volume of the remaining gas is equal to the difference between 
the volumes of the two portions of the tube, and tha^ this remaining gas is part of 
that whoLo volume was the greater. 
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tlie]r cannot re-form it by tbeir direct action on each other (the reaction 
is not reversible), still the; Corm the direct prodactsof its decomposition, 
Bod they occupy equnl volumes. Bat baiiEoio acid, CfH^O,, is itself 
composed of benzene, O^Hg, and cnrbonio anhydride, C0|, vhich alio 
occupy equal volumes.^ There is an. immense number of similar 
CKDmples among those orgiiniC substsnces to whoso study Oerhardt 
consecrated hia whole life and work, and be did not allow aacb facts aa 
these to escape hia attention. Still more fretgiieDtly in the phenomena 
of substitation, when two substanceu react on ooe oaother, and two are 
prodoccd without a change of volume, it is found that the two snb- 
■tancea acting on each other occupy equal volumes as well as each of- 
the two resultant substances. Thus, in general, reactions of substi- 
tution take place between volatile acids, HX, and volatile alcohols, 
R(OH), with the formation of etJiereal salts, RX, and water, H<OHX 
and the volume of the vapour of the reacting quantitita, HX, E(OH), 
and RX, is the same aa that of water U{OH), whose weight, corre- 
spnnding with the formula, IS, occupies 2 volumes, if 1 part by weight 
of hydrc^n occnpy 1 volume and tho density of 'aqueous vapour 
referred to hydrogen is 9. Such general examples, of which there are 
many,^ show that the reaction of equal volumes forms & cbemicftl 
j)henomenon of. frequent occurrence, indicating the necessity for 
acknowledging the law of Avogadro-Oerhardt. 

But the qaestion arises, What is the relation of volumes if the 
reactionot two HubstanceB takes place in more than one proportion, ocoord- 
ing CO the law of multiple proportions I A definite answer can only be 
given in cases which have been very thoroughly studied. Thus chlorine, 
in acting on mnrsh gits, CU,, forms four compounds, CHjCI, GH,Clg, 
CHCl,, and CCl„ and it may be ostabliahcd by direct experiment that 
the substance OHjCl (methylic chloride) precedes the remainder, and 
that the latt«r proceed from it by the further action of. chlorine. And 
this Bubatance, CHaCl, is formed by the reaction of equal volumes of 

* Let lu denioiutmtfl ChJA bj flguna- From 133 gruns of baoKjEc odd there tfe 
nbtkhiad (a) 7S gnmi ol bcDcena, ubina Snatitj rateited to bTdngen " SB, hence tho 
teUtin K^Dma - 3 : iwd (b) U gnaa ol owboniD aotirdiide. vboH dciulty -> 33, ud 

■ A Urge numlHC at nab genanluod reiiotloiis, >bawiDg reutiou bj equal 
Tolnmei, oocui in Uie oue ol the hjdnKuboa deiintlvee, beowiie mui; ol thcH eom- 
pooodi ere Tolttile. The refeotiaDe of klloJift on ^clda, or uihydridet on vaAer, fta., 
vhich ATO BO Crequeot betweea miner&l nbalkoOBB, pMftunt bat few inioh vxuDplie, 
becuiua uiny ol lluu snbetUMS* uo not ToUtils ud UxHir TepoDr dsnaitiei ve 
.leatikUj the Hmawaeen in >he« easel aJu; lar InhCunce, sullilwrio 
ip [ato tba Hibjdilde, S0» uid n&tec,H,0, which cihibit «n nqiuUt; 
l«Jn uolbn exsaiple aheDB Cbioe mbatuioei combiae In eqiul 
UBniaiii>,HU,,iuidiniMr,B|0(lb«roliun*aal*Um 
•qoal to 3), form Hid uDmanium nubouto, (NH^HOO^ 
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of rapotir, according to the law, a volume equal to that occupied by tho 

molecules of other bodies, be indicated by the letters M,, M, 

or, in general, M, and if the letters D,, Dj or, in general, D, 

stand for the density or weight of a given volume of the gases or 
vapours of the corresponding substances under certain definite con- 
ditions of temperature and pressure, th^n the law requires that 

d;" d, ^ t>^ 

where is a certain constant. This expression shows directly that the 

volumes corresponding with the weights M,, M2 M, are equal 

to a certain constant, because the volume is proportional to the weight 
and inversely proportional to the density. The magnitude of C is 
naturally conditioned by and dependent on the units taken for the 
expression of the weights of the molecules and the densities. The 
weight of a molecule (equal to the sum of the atomic weights of 
the elements forming it) is usually expressed by taking the weight 
of an xitom of hydrogen as unity, and hydrogen is now also chosen 
as the unit for the expression of the densities of gases and vapours ; 
it is therefore only necessary to find the magnitude of the constant 
for any one compound, as it will be the same for all others. Let us 
take, water. Its reacting mass is expressed (conditionally and 
relatively) by the formula or molecule HgO, for which M = 18, if H=l, 
as we already know from the composition of water. Its vapour 
density, or D, compared to hydrogen = 9, and consequently for water 
C s 2, and therefore and in general for the molecules of all substances 

Consequently the weight of a molecule is equal to twice its vapour 
density expressed in relation to hydrogen, and conversely the (density of 
a gas XB eqxial to haffthe moUcxtlar \ot\ght referred to hydrogen. 

The truth of this may be seen from a very large number of 
observed vapour densities by comparing them with the results obtained 
by calculation. As an illustration, we may point out that for ammonia, 
NH3, the weight of the molecule or quantity of the reacting sub- 
stance, as well as the composition and weight corresponding with the 
formula, is expressed by the figures 14 4-3 = 17. Consequently M s= 17. 
Hence, according to the law, D = 8*5. And this result is also obtained 
by experiment. The density, according to both formula and experiment^ 
of nitrous oxide, N^O, i^ 23, of nitric acid 15, and of nitric peroxide 23. 
In the case of nitrous anhydride, NjO,, as a substance which dissociates 
Into NO + KOf, the density should vary between 38 (so long as thd 
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'S.fli remains unchanged) and 19 (when NO + NOj is obtained). 
There are no figures of constant density for HjO^i NHO3, N2O4, and 
many similar compounds which are either wholly or partially decom- 
posed in passing into vapour Salts and similar substances either hav^ 
no vapour density because they do not pass into vapour (for instance, 
potassium nitrate, KNO3) without decom position, or, if they pc^ss 
into vapour without decomposing, their vapour density is observed 
with difficulty only at very high temperatures. The practical de- 
termination of the vapour density at these high temperatures (for 
example, for sodium chloride, ferrous chloride, stannous chloride, d:c.) 
requires special methods which have been worked out by Sainte- Claire 
Deville, Crafts, Nilson and Pettersson, Meyer, Scott, and others. 
Having overcome the difficulties of experiment, it is found that the 
law of Avogadro-Gerhardt holds good for such salts as potassium 
iodide, beryllium chloride, aluminium chloride, ferrous chloride, <fec. — 
that is, the density obtained by experiment proves to be equal to half 
the molecular weight — naturally within the limits of experimental 
error or of possible deviation from the law. 

Gerhardt deduced his law from a great number of examples of 
volatile carbon compounds. We shall become acquainted with certain of 
tbein in the following chapters ; their entire study, from the complexity 
of the subject, and from long- established custom, forms the subject 
of a special branch of chemistry termed * organic * chemistry. With all 
thtee substances the observed and calculated densities are very similar. 

When the consequences of a law are verified by a great number of 
observations, it should be considered as confirmed by experiment. But 
this does not. exclude the possibility of apparent deviations. They may 

M 

evidently be of two kinds : the fraction =- may be found to be either 

greater or less than 2 — that is, the calculated density may be either 
greater or less than the observed density. When the difference between 
the results of experiment and calculation falls within the possible errors 
of experiment (for example, equal to hundredths of the density), or 
within a possible error owing to the laws of gases having an only 
approximate application (as is seen from the deviations, for instance^ 

M 

from the law of Boyle and Mariotte), then the fraction ^r proves but 

slightly different from 2 (between 1*9 and 2*2), and such cases 
as these may be classed among those which ought to be expected 
from the nature of the subject. It is a different matter if the quotient 

M 

of _ be several times, and in general a multiple, greater or less than 2, 
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The application of the t«w must then be explained or It must bo 
laid aaid«^ because the laws of nature admit of no exceptions We will 
therefore tak(; twu such casen, and first one in which the quotient ^ 

il greater Uian 2, or On dentUy obtained by experimeni is less than U 
in aeeordance ii-ilh the law. 

It must be admitted, as a consequence of the law of Avogadro- 
Oerhardt, that there is adecomposition in those cases where the volums 
of the vapour con-esponding with the weight of the amount of & 
substance entering into reaction is greater than the volume of two 
parts by weight of hydrogen. Suppose the density of the vapour of 
water to be determdii^d at a temperature above that at which it ia 
decomposed, thtii, if not all, at any ratea large proportion of the water 
will be dect'uiivpsid into hydrogen and oxygen. The density of such .a 
mixture of gastt, or of detonating gaa, will be less than that of aqueoua 
vapour; it will bo equal to 6 (compared with hydrogen), becaoM 
I volume of oxygen weighs 16, and i volumes of hydi-ogen S; 
and, consequi'ntiy, 3 volumes of detonating gas weigh 18 and 1 
volume 6, while the density of aqueous vapour ^ 9. Hence, if the 
density of aqueoua vapour 1m det^iniioed after ita decumpoailioo, tk« 
quotient Yj would be found to be 3 find not 2. This phenomenon 

might be considered as a deviation from Gerhardt's law, but this would 
not be correct, because it may be shown by means of diffusion through 
porous substances, as described in Chapter II., that water is decomposed 
at such high temperatures. In the cose of water itself there can 
naturally be no doubt, )«cause its vapour density agrees with the law 
at all tempcriiturcs at which it has been determined.'" But there are 
many substances which decompose with great ease directly they are 
volatilised, and therefore only exist as solids or liquids, and not in a state 
of viipour. There are, tor example, many salts of this kind, besides all 
deKiiite solutions having a constant boiling point, all the compounds of 
ammonia— tor example, all ammonium salts— ic. Their vapour 
densities, determined by Bineau, Deville, and others, show that they 
do not agree with Gerhardt's law. Thus the vapour density of aal- 
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junmoniac, NH,C1, ii ne&rlj' H (compared with hydrogen), whilst 
its molecular weight is cot leas tbao 53*5, whence the vapour 
deueity should be nearly 27, according to the law. The molecule 
of 3a.1- Ammoniac cannot be less than NH,Ci, because it is formed 
from the molecules NH, and HCl, and contain* single atom) of nitro- 
gen Bnd chlorine, and therefore cannot be divided ; it further never 
enters into reactions with themoleculesofothersubstances (for instance, 
potassium hydroxide, or nitric add) in quantities of less than 53'5 
parts by weight, &c, The calculated density (about 37) is bete double 






ved density (about I3'*) ; hence j- =4 and not 2. For this 

reason the vapour density of sal-ammoniac for a long lime served as 
an argument for doubting the truth of the law. But it proved other- 
vriae, after the matter had been fully investigated. The tow density 
depends on the decomposition, of sal*ammonia-, on volatilising, into 
ammonia and hydrogen chloride. The observed density ia not that of 
Ba1*ammoniac, but of a mixture of NHj and JICl, which should be 
nearly 14. because the density of NHj = &5 and of HC1 = 18'2, and 
therefore the density of theirmiiture (in equal vol umea) should be about 
13'4,'* The actual decomposition of the vapours of sal-ammoniac was 
demonstrated by Pebal and Than by the same method as the decoU' 
position of water, by passing the vapour of sal-ammoniae through a 
porous substance. The experiment demonstrating the decomposition 
during volatilisation of sal-ammoniac may be made very easily, and is 
« very instructive point in thehiatory of thelawot' Avogadro-Oerhardt, 
because without its aid it would never have been imagined that sal- 
volatilising, as this decomposition bears all 
the signs of simple sublimation ; consequently the knowledge of the 
decomposition itself was forpstalled by the law The whole aim 
and practical use of the discovery of the laws of nature consists in, 
and is shown by, the fact that they enable the unknown to be foretold, 
the unobserved to be foreseen. The arrangement of the experiment 
is based on the following reasoning." According to the law and to 
experiment, the density of ammonia, NHj, is 8J, and of bydroohlorio 
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Id tbo«e chm where the quoiiinl or p^ovea to be leta than 2, or 

tbe olMerved detuity greater tfaan that edcnhted, b; a maltiple aamber 
of tims, tho matter ia evidenCl; more (imple, and the fact obsored 
0BI7 indicates thalj the wei^t of tho motecnle is aa many timea greator 
am that taken aa the qaotient obtained ii lea than 3. 80, for instancy 
in tho ca»e of ethylene, whose composition ia expraued by CH„ tbe 
density was foond by experiment to be 14, and in the case of amy- 
leue, whose oomposition is aUo CHj, the density proved to be 39, and 
conteqnently tlie quotieot for etbylene = 1, and for amylene s \. If 
the mcJecular weigbt of ethylene be ttJceo, not as 14, as might be 
imagined from tta eompotition, but as twioe as great — namely, aa !d — 
and for amylene aaGvetitoea greater — that iaaa 70 — then the molecular 
oompoaition of thefirat will be C^H,, and of the eeeond C,H[d, and for 
both of them —^ will be equal to 2. Ttua application of tb« law, 

which at 8rrt aigbt may ^tpear perfectly arWtrary, is nevertheiew 
strictly oorrect, becanae the aoMrant of ethylene which reacta — for 
example, with ciilpborie and other aeida — is not eqoal to 14, but to 28 
parte by weight Thus with H^„ Br^ or HI, itc., ethylene com- 
binea in a tjnantity CiH„ and anyleoe in a quantity CjH,o, and oot 
CB,. On the other band, ethylene ia a gas which liquefies with diffi' 
eolty (absolute boiling point = + lO'), whilst wnylene is a liquid botUog 
at SS" (absolate boiling point = -f- 193°), and by admitting the greater 
density of the molecnlee of amylene (H = 70) its difference from the 
lighter molecolee of ethylene (M s ?8) beoomes clear. Thus, the 
smaller quotient — is an mdieoiion of potifmrritatwH, aa the hwger 

quotient is of decomposition. The difference between the denaitisi ot 
oxygen and oione is a case in point. 

On tnmiiig to the elements, it is found in certain caaee, espeoiaUy 
with metab— for iuEtance^ mercory, cina, and cadmium — that that 
weight of the atoms which most be acknowledged in their o^mponnds 
(of whieh mention will be afterwards made) appears to be also the 
molecular weight. Thna, the atomic weight of mercury must be taken 
BS = 200, but the vapour density = 100, and the quotient •= 2. Con- 
■eqnently the moleaih 0/ mercury conlaint one atom, Hg, Itis thesame 
with sodium, cadmium, and dnc. This is the simplest possible molecule, 
which necessarily is only possible in the case of elements, as the mole- 
cule ol a compound must contain at lesat two atoms. However, the 
iBOleGules of mooy of the elements prove to be complex— for instance, 
the wetgfat of an atom of oxygen s 16, and ita density = 1 6, m that its 
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molecule must eontain two atoms, 0„ which might already l>e eonduded,' 
by comparing itE density with that of ozone, whose molecule contains, 
O, (Chapter IV.) So bIso the molecule of hydrogen equals H„ ot 
chlorine Clj, of nitrogen Ng, Ac. If chlorine react with hydrogen, the 
volume remains unaltered after the formation of hydrochloric acid, 
H,"+ CI, = HCl + HCI. It 19 a case of substitution between the one 
and the otheC; and tlierefore the volumes remain constant. There are 
elements whose molecoles aremueh more complex — for inatante, sulphur,, 
S«— although, by heating, the density is reduced to a third, and S, is 
formed. Judging from the vapour density of phosphorus (D = 62); 
the molecule contjiins four atoms P,. Hence many elements when- 
polymerised appear in molecules which are more complei than the' 
•impleat possible. In carbon, as we shall afterwards find, n very 
complex tno'.ecule must be admitted, as' otherwise its non- volatility and 
other properties cannot be understood. And it compounds are de- 
composed by a more or less powerful heat, and if polyweric substances 
are depolymerised (that is, the weight of the molecule diminishes) by & 
rise of temperature, as NjO, passes into NOj, or owne, 0,, into ordinary 
oxygen, 0,, then we might expect to find the splitting-up of the com- ' 
plex molecules of elements into the simplest mokcule ennUuaiag a 
single atom only — that is to say, if 0, be obtained from 0,, then 
the formation of O might also be looked for. The possibility but not 
proof of such a proposition is indicated by the vapour of iodine. Its 
normal density = 127 (Dumas, Deville, and others), which corresponds 
with the molecule I,. At temperatures above 800° (up to which the 
density remains almost constant), this density distinctly decreases, as 
is seen from the verified results obtained by Victor Meyer, Crafts, and 
Troost. At the ordinary pressure and 1,000° it is about 100, at 
1,250° about 80, at 1,400° about 75, and apparently it strives to reduce 
itself to one-half— thai is, to 63. Under a reduced pressure this 
splitting up, or depolymerisation, of iodine vapour actually reaches 
a density "* of 66, as Crafts demonstrated by reducing the 
pressure to 100 mm. and raising the temperature to 1,^00" From this 
it may be concluded that at high temperatures and low pressures the 
molecule I^ gradually passes into the molecule 1 containing one atom 
like mercury, and that something similar occurs with other elements at 
a considerable rise of temperature, which tends to bring about the 
disunion of compounds and the decomposition of complete molecules." 

" Justnii>«uw(Cbspt«rri. NDt«ie)iinincr»>flol ttaediEKicitlionot N.p.ind th« 
fonnition ol s Urge prnpnrtion ol NOj, viUi k decreuss ot pratara. The decwnpotition 

cUorln*, It ou ilttrvudi imred that il Dun i* ■ dwiMM «( d*Bsitj it I* onlj * null 
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Besides tliese enses of iipparent diaorepancy from the Uw ot 
Avogadvo-Gerhardt there is yet a third, which ia the last, nnd is very 
instructive. Ia the investigation of separate Bubatancea they have to 
be isolated ia the purest possible form, and their chemicitl and physical 
properties, and among them the vapour density, then determiaed. 
II it be normal— that is, if D = M / 2— it of 

of the purity ot the iubstance, i'.«. of its freedom from all foreign 
matter. If it be abnormal— that ia, if D bo not equal to M/2— tlienfor 
those wIjo do not believe in the law it nppearsas a new argument against 
it and nothing more ; but to those who have already grasped the import- 
ant signiticauce of the law it becomes clear that there is s 
observation, or that the density was dotenained nnder conditions in 
which the vapour does not follow the laws of Boyle or Oay-Lussac, or 
else that the substance has not been sufficiently puritied, and contains 
other subatances. The law of Avogadro-Gerliardt in that case furnishes 
convincing evidence of the necessity of a fresh and more exact research. 
And M yet the causes of error have always been found. There are not 
K few examples in point in the recent history of chemistry. We will 
cite one instance. In the case of pyrosulphuryl chloride, S,0,Cli, 
M = 215, and consequently D should = 107 '5, instead of which Ogier 
and others obtained 53'S — that is, a density half as great ; and further, 
Ogier (1883) demonstrated clearly that the substance is not dissociated 
by distillation into SO, and SO^Cl,, or any other two products, and 
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It molecuUr welgtil, ind (Ch>pt«r n., Note \iC) (he reiulu at di 
eiperimenl ehow tliecDefHcientol eipuiiian of hydrobroutic acid (U = BI] to be 0*00384 
iniLend ot O-OOSOT.whiiih ii thalol liydnigea (U-2). Hence, in the cue ot Uie vapour 
at iodiiie(H^SEl)a very luge CDlincient ot eipanbion ii to b« expected, uid from tbU 
mUH (lone tlie lelntive tleniity wonld fall. Ah Uu makoule of ehlorine CI, ii lighter ( « 71} 
Uun that ot bromiua (>^ie(i|, »1iicli is liglitai than tfait ot lodioo (-SGI), we hs tliat 
impoiabiliiyof the uponrjof the« hiJoidi i»obMn5d(ocEfl- 
■pondi with the sipocted riw in the coelDcient of eipAusion. Tnklng the coefficient «f 
eiponiion of [odioe iipour da 0-004, then at IfiOO" ita density would be 118. Therefore 
1 ot iodlna laiy bo only an (ptMient phenomenon. However, on the otliec 
hand, the heavy vipour of meccuiy IH-XIO. D-lOO) acucely dca 
ulemperKtBreof 1,600= (D=£"9,»ccording to ViclDC Meyer); but il must not be forgotle 
Uut the moIocDle ol mercuty nontnlna only one ttom, whilit tbkt of iodine conUiiii 
tKo, and this ii very imporluil. QoeiltaDi of this kiud which ue dilRcuI 
uparinuntal methods muit long remain nilliont ■ csri»in explinition, 
difficulty, tind Hnuctimct (niFOeslbilily, ot distiuguiobing between phytiol 
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thus the abnormal density of StOftOl^ remained unexplained until D P 
Konovaloff (1885) showed that the previoas inTestigators were working 
with a mixture (containing S0,HC1), and that pyrosulphuryl chloride 
has a normal density of approximately 107 Had not the law of 
Avogadro-Gerhardt served as a guide, the impure liquid would have 
still passed as pure ; the more so since the determination of the amount 
of chlorine could not aid in the discovery of the impurity. Thus, by 
following a true law of nature we are led to true deductions. 

All cases which have been studied confirm the law of Avogadro* 
Gerhardt, and as by it a deduction is obtained, from the deter- 
mination of the vapour density (a purely physical property), as to the 
weight of the molecule or quantity of a substance entering into 
chemical reaction, this law links together the two provinces of learn* 
ing — physics and chemistry — in the most intimate manner. Besides 
which, the law of Avogadro-Oerhardt places the conceptions of moie- 
eules and tUomi on a firm foundation, which was previously wanting. 
Although since the days of Dalton it had become evident that it was 
necessary to admit the existence of the elementary atom (the chemical 
individual indivisible by chemical or other forces), and of the groups o^ 
atoms (or molecules) of compounds, indivisible by mechanical and physi- 
cal forces ; still the relative magnitude of the molecule and atom was not 
defined with sufficient clearness. Thus, for instance, the atomic weight 
of oxygen might be taken as 8 or 16, or any multiple of these numbers, 
and nothing indicated a reason for the acceptation of one rather than 
another of these magnitudes;** whilst as regards the weights of the 
molecules of elements and compounds there was no trustworthy know- 
ledge whatever. With the establishment of Gerhardt's law the idea of 
the molecule was fully defined, as well as the relative magnitude of 
the elementary atom. 

The chemical parlicle or molecule must be considered a$ the 

If And 80 it wM in the fifties. Some took 0»8, othon 0-16. Water In the fim 
cftM woald be HO and hydrogen peroxide H0«, and in the seoond c«ee, m it how gene> 
rally accepted, water H^ and hydrogeiv peroxide H«0« or RO. Disagreement and oon- 
fasion reigned. In 18S0 the ohemista of the whole world met at Carlsmhe for the purpose 
of arriTing at some agreement and uniformity of opinion. I was present at this Congress, 
and well remember how great was the diflerenoe of opinion, and how a compromise was 
advocated with great acnmen by many scientific men, and with what warmth the followers 
of Oerhardt, at whose head stood the Italian professor, Canizzaro, followed up the con* 
asqnenoes of the law of Avogadro. In the spirit of scientific freedom, without which 
ioienea would make no progress, and would remain petrified as in the middle ages, and 
with the simultaneous necessity of scientific oonsenratism, without which the roots of 
piet study oould give no fruit, a compromise was not arrived at, nor ought it to have 
been, but instead of it truth, in the form of the law of Avogadro-Gerhardt, received by 
means of the Congreas a wider development, and soon afterwards conquered all minds. 
Then the new so-called Oerhardt atomic weights ealabliabed themselves, and hi the 
aivsDtaaa they wtre already in general use. 
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quantity of a §uAtlance tuAteA eiUeri into elumieat rtaelion tintU ot/ttT' 
TiMlei^tt, oind otff'ipieg in a ilale of vapour the tarrne vohima at twu 
liarCs by weight of /ijfdrogfTi. 

The molecular weight (which has been indicated by M) of e, sub- 
stance is determined by its composition, transfornmtions, and vapour 

The molecule is not divisible b; the mechsLnical and physical 
changes of substances, but in chemical reaction it is either altered in 
its properties, or quantity, or structure, or in the nature of the motion 
of its parts. 

An agglomeration of roolecnlea, which are alike in all chemical 
respects, makes up the masses of homogeneous substances in all 
States. '" 

Molecules consist of atoms in a certain state, of distribution and 
motion, just as the solai' system '° is made up of inseparable parts 
(the sun, planets, satellites, comets, Ac) The greater the number of 
atoms in a molecule, the more complex is the resultant substance. 
The equilibrium between the dissimilar atoms may be more or less 
stable, and may for this reason give more or less stable substances. 
Physical and mechanical transformations alter the velocity of the 
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lawi ol chemickl eqailibcium proper to disKKiitted lyateina cannot .be ngarded In >uy 
other light. 

■> Thi> tlrBngtheiii thn fundiunentt] idea ol the unily and harmony of type ol nil 
eteition ud I* one ot Uione idfU which impisu IhemieEvci on man in all ages, and 
give liie to a hope &t am'Ting in lime, by meiuia ot a laborious urie* ol diacoveries, 
obaervatione, eiperiinenta, Ian, hypotlieaee, end theorlea, at a nrnprehenBlon ol the 
Interntdand invieible atraDiore ol eoncrete lubattuicea with that eame degree ol clearncita 
«ud eiarlitude wbleh hu beea dtained in the visible dructure ol the heavenly bodii'B. 
Itiauotniany ycuvagoiincathe law olAvogadro-Oerhardt look root in Mience. It is 
within the memory ot many living uieiitiHo men, ind ol mine amojinit olhcri. It is not 
nrpciiing. (heretore, that ta yet little progress haa been made in Che province ot 
■wleeulor oeohuiln; but the Iheoi^ al gues alone, which ia intimately eoBneEted with 
Uw oonceptioD ol nx^utea, ahown by its luccess that tfie Uine is approaching whau our 
knowledge ol the intemal atiucture ol matter will be delliied and ettabhslied. 
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The molecularneights of the above compounds are found either dii«ctl]r 
from the density of their vapour or gas, or from their reactions. Thus, 
the vapour deosity of nitric acid (as a Eubatance which easily decom- 
poses above its boiling point) cannot be accurately delermiaed, but tho 
fact of ita containing one part by weight of hydrogen, and all its pro- 
perties and reactions, indicate the above molecular coniposition and no 
o.ther. In this muuner it is very easy to find the atotnio weight of all 
tlie elements, knowing the molecular weight and composition of their 
coirpounds. It may, for instance, be easily proved that less than iil'2 
parts of carbon never enters into the molecules of carbon compounds, 
and therefore C must be taken as 12, and not as 6 which was the number 
in use before Oerhardt. In a similar manner the atomic weights now 
accepted for the elements bx^gen, nitrogen, carbon, chlorine, sulphur.lc., 
were found and indubitably established, and they are even now termed 
the Gerhardt atomic weights. As regards the metals, many of which do 
not give a single volatile compound, wo shall afterwards see that there 
are also methods by which their atomic weights maybe established, but 
nevertheless the law of Avogadro-Gerhardt is here also ultimately 
resorted to, in order to remove any doubt which may be encountered. 
Thus, for instance, although much that was known concerning the 
compounds of beryllium necessitated its atomic weight being taken as 
Be=9 — that is, the oxide as BeO and the chloride BeClg—still certain 
analogies gave reason for considering its atomic weight to be Be=13*5, 
in which case its oxide would be expressed by the composition BcjO,, 
and the chloride by BeClg." It was then found that the vapour density 
M beryllium chloride was approximately 40, when it became quite clear 
that its molecular wefght was 80, and as this satisfies the formula 
BeCI), but does not suit the formula BeClj, it therefore became neces- 
sary to regard the atomic weight of Be as 9 and not as 13^. 

I dilDride he BeCI,, theii tai «very 9 puli of berxllinra 
■.od the molecular weight of fieCl^^fiO; hence the viipaar 
demity ibDUld be (0 or niO. II Bg<^13'S, ud beirllinm chloride be BeCI], then to ISS 
at beryllium Chore an lOSS o[ chlorine ; hence Ihe molecular vcight would bo ISO. and 
the luvoot deniily.eo or nSO. The csmpoiltion ii evidently the ume in both ciiaei, 
becADKeS : 71 -- las ' lOS'G. Thai, if the Bymbol of an element deeigunle dilTerent 
fclomiB wcightu, apparently rery different tomialte mny eqnilly woll aitpreiia bolh Iho 
■percenloEO connpoutlon o( cempoaadB, and thoae ilropertiei which are required by the 
liwt oF multiple proporiioni and equi>a1entg. The chemiats of former dayi nccurately 
e]ipreBied the compoiition ol lubitaneei, and accurately applied Dalton'i laua, by 
laliiDg H-l| 0-S, C~S, Si^li, Ac. The Qerhardl eqaivoJcrnta are also titiiSed by 
them, becanieO-lB, C^U, Bi^ES, Ac, are nmltiplei of Lhem. The choice ot one or 
tba other multiple quantity tor the atoiaie weight ia impMiibla without a Hmi and con- 
crel* conception ot the molecule and aloin, and thia ii only obtiined >■ a conneqaence ol 
Um law of Avodidro-Oethardt, iind hence the modem atomic weights nro Ihe reiulta 
elthUl»i>(<>r<iNatoie). 
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With the establishment of a trae conception of moleculefe and 
atoms, chemical formals became direct expressions, not only of com* 
position,** but dlso of molecular weight or vapour density^ and conM- 
quently of a series of fundamental chemical and physical data, inasmuch 
as a number of the properties of substances are dependent on their 

" The poreenUge amoiinU of the •lemento contained in a given compoond may h% 
calcnUted from iU foimaU by a simple proportion. Tbna, for example, to find Um 
percentage amotmt of hydrogen in hydrochloric acid we reason as follows : — UCl shows 
that hydrochloric acid contains 86*6 of chlorine and 1 {kart of hydrogen. Hence, in ad's 
parte of hydrochloric acid there is 1 part hy weight of hydrogen, consequently 100 parte 
by weight of hydrochloric add will contain as many more units of hydrogen as 100 it 

gteater than 86*6; therefore, the proportion is as follows— a; 1 " 100 86'6 or x»^S 

B 9*780. Therefore 100 parts of hydrochloric acid contain 9*789 parts of hydrogen. In 
general, whou it is reqoired to transfer a formula into its percentage composition, wt 
must replace the symbols by their corresponding atomio weights and find their sum, and 
knowing the amount by weight of a given element in it, it is ea^ by proportion to find 
Ibe amount of this element in 100 or any other quantity of parts by weight. If, on tlM 
contrary, it be required to find the formula from a given percentage composition, we must 
proceed as follows: Divide the percentage amount of each element entering into the 
oomposition of a substance by its atomic weight, and compare the figures thus obtained 
•— ihey should be in simple multiple proportion to each other. Thus, for instance^ 
from the percentage composition of hydrogen peroxide. 6*88 oi hydrogen and 0419 ol 
oxygen, it is easy to find its formula; it is only necessary to divide the amount of 
hydrogen by unity and the amount of Ckxyg^n by 18. The numbers G-88 and 6*88 are 
thus obtained, which are bi the ratio 1 :.l, which means that in hydrogen peroxide there 
is one atom of hydrogen to one atom of oxygen. 

The following is a proof of the practical rule given above that to find ths ratio of the 
number of atomt from the percentage eompontion^ it it neceteary to divide the per* 
centage amount* hy 4^ atomic weights of the eorretponding tubstancei^ and to find 
the ratio which these number* bear to each other. Let us suppose that two radicles 
(simple or compound), whose symbols and combining weights are A and B, combine 
together, forming a compound composed of x atoms of A and y atoms of B. The 
lonnula of the substance will be AxBy. From this formula we know that our compound 
contains xA parts by weight of the first element, and yB of tlie second. In 100 parts of 

our compound there will be (by proportion) i^^. of the first element, and -??:V?^ 

of the second. - Let us divide these quantities, expressing the percentage amomits by the 

corresponding combining weights; we then obtain -122?^ for the first element and 

cA-t-yB 

I ■ .^w for the second element. And these numbers are in the ratio x ; y— that is, in 

the ratio of the number of atoms of the two substances. 

It may be further observed that even the very language or nomenclature of chemistry 
acquires a particular clearness and conciseness by means of the conception of moleculei» 
because then the names of substances may directly indicate their composition. Thus 
the term 'carbon dioxide ' tells more about and expresses CO3 better than carbonic acid 
gas, or even carbonio anhydride. Such nomenclature is already employed by many. But 
expressing the composition without an indication or even hint as to the properties, would 
be neglecting the advantageous side of the present momenclature. Sulphur dioxide, 
80a, •xpi e i se s the same as barium dioxide, BaOs, but sulphurous anhydride indicates 
Ihe add pro|)erties of SO^. Probably in time one harmonious chemi<»kl language wiU 
•OGceed in embracing both advantages. 
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▼aponr denaity, or inoUcntBr iceight and composiUon, The vapour 
deusitr D= For instance, the formula of ethyl ether is C.HmO, 

corresponding with the molecular weight 74, and the vapour density 
37, which is the (act. Therefore, the denaity of vapours and gases has 
ceased to be on empirical magnitude obtained by experiment only, 
and liaE acquired a rational meaning. It is only necessaty to remember 
that 2 grama of hydrogen, or the moleculat weight of this primary 
gas in grams, occupies, at 0° and T60 mm. pressure, a volume of 22-3 
litres (or 22,300 cubic centimetres), in order to directly determine the 
weights of cubical measures of gases and vapours from their formulae, 
because tkt mcleeular weighia in gramt of alt ol/ier vapours at 0' and 
760 mm. occupy the tame volnme, 22'3 lUret Thus, forexample, in the 
case of carbonic anhydride, CO,, the molecular weight M=44, hence 44 
grams of carbonic anhydride at 0° and 760 mm. occupy a volume of 
E2'3 litres— consequently, a litre weighs 197 gram. By combining the 
laws of gosea — Gay-Lussac's, Mariotte's, and A vogadro- Gerhard t'e — we 
obtain" a general formula for gases 

62OO»(273 + 0=M.p 
where e is the weight in grams of a cubic centimetre of a vapour or gas 
at B. temperature t and pressure p (expressed in centimetres of mer- 
cury) if the molecular weight of the gas=M. Thus, for instance, at 
100° and 74)0 millimetres pressure (i.e. at the atmospheric pressure) 
the weight of a cubic centimetre of the vapour of ether (M=T4) is 

i=o-ooa4.» 

» Thia formula (wbicb 1i glion in m; icatk on "Hie TenBisn ot Ouca,' ud in a 
•omonhat modified tortn iu tlie ' Camptea R«ndut.' Feb, 1S10) i> dedauid in Ibe follnwing 
biuuicr. According to the law ol Avogidro-Oecluirdt, M " ID Cor all guei, wben M ia 
Uu raolHDlu' weight ud D the deoiit^ nlermd lo hjdiogBn. Bat it ia sqnil to tho 
vaigbl to of a oabic centimetre ol a gu in gnm* tt Bf ud Tfl ud. pieHOte, divided b; 
D'OOOOeSS, tor thia i> lbs veight in gruna ol i. onbio csntimetre of ta^drogen. Bat ttia 

(in Mntimatrea) i> «qo»I lo JoUi^e (! + «(), Tberetore, iftca.Ja (1 -t ofjfti hence O = 
n.( (1 -t-E()'<>'D0008B4>' wheDce M - ISai (1 -■- <iI)/0'OOOOBMp, which giTM the above eipree. 
■km, becwui 1/a-STB. and isa moltiplied bj ITl and divided b^O'OOOMSS a Dct[1;(l3Da, 
Id pUe* ol >, m/v may be taken, when m ii tlia weight and o ttie Tolonia of a Ttponr, 

" Tho above totmnli raaj' be direcllj applied in otdcr to aiceitain the molecular 
weight from the data : weight ol vaponi >n gnus.. iU volnaia c Co., presnire p cm,, and 
teniperalare C; lor>j«(be weight of vapour n, divided by the volnme v. and oonae- 
qnently U»e.11oam(aT8 + l)/;u Tberetote, Itutead of the (onnola (■« Chaplei n,. 
Note S4),pl' = R(31S+», where It vaiiei with the maaa and nature ol a gii. we ma; 
Apply (he torDraU ;iu-6,10O(in/lf) [a7S*t). These foimDln ilmplilr the colcntatioDe 
in many i^aaei. For example, reqniied the volume v oocapied by fi gms. of aqoeoue 
vapour at a lempofatani *=19T° and under * pwMBte fli cm. According lo the 
lormaU M => e.«)0 m (17S •- (Vi'f . we And that cS.OU cc. ■■ io the caae ol water 
llvlB, HI io thi* iDtlauca ■> G gtroa. (These totioulBi however, like Ihe tawa ol ga«ea. 
■I* (Dljr •n^roximalf.) 
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As the moleenlee of manj elements (hydrogen, oxjgtn; nitragm^ 
chlorine, bromine, sulphur— at least at high temperatures) are of uni- 
form composition, the formula of the compounds formed by theoa 
directly indicate the composition by volume. 80^ for example^ ite 
formula HNO, directly shows that in the decon^position of nitric acid 
there is obtained. 1 vol. of hydrogen, 1 vol. of nitrogen, and 3 vob^ 
of oxygen. 

And since a great number of mechanical, physical, and chemical 
properties are directly dependent on the elementary and volumetrit 
composition, and on the vapour density, the accepted system of atoBM 
and molecules gives the possxbflity of simplifying a number of most 
complex relations. For instance, it may be easily demonstrated thai 
the vis viva of the moUcuUs tf aU vapours arui gases is alike. For 
it is proved by mechanics that the vis viva of a moving masss^ mv*, 
where m is the mass and v the velocity. For a molecule^ m=sM, or 
the molecular weight, and the velocity of the motion of gaseoim 
moleculesasa constant which we will designate by C, divided by the 
square root of the density of the gas "sbC/n/D, and as DsM/2; 
the vis viva of molecules=sC — that », a constant for all molecules. 
Q.B.D.^ The specific heat of gases (Chapter XIV.), and many other 
of their properties, are determined by their density, and consequently 
by their molecular weight Gases and vapours in passing into a 
liquid state evolve the so-called lateiti heat^ which also proves to be 
in connection with the molecular weight The observed latent heata 

» Chapter I., Note 84. 

*^ The velocitif 0/ the trtmsmueion of eoiund through gats* and vapourt dotely 
b«u»on this. It « V .£^;D (1-f a<), where £ ie the rfttio between the two epecifioheate 
(ii is epproziaHitely 1*4 for gaeet ooatMning two atoms in a molecule), p the pressost 
of the fM expreesed by wei|^ (that is, the p r ess n— expressed by the height of a ooluma 
of meroory multiplied by the density of mercury), g the aooeleration of gravity, D the 
weight of a oubie measars of the gas, a* 0*00867, and t the temperatnce. Henoe, il K 
be known, and as D can be found from the oompoeition of a gas, we can ealculale the 
velocity of the transmission of sound in that gas. Or if this Telocity be known, we oaa 
find K. The relative velocitiee of sound ia two gases can be easOy determined (Kundt^ 

If a horiaontal^ass tube (about 1 metre long and eloeed at both ends) be full of ^ 
gas, and be firmly fixed at its middle point, then it is ea^ to bring the tube and gas into 
a state of vibratioii, by rubbing it from centre to end with a damp cloth. The vibration of 
the gae ia eaeily rendered visible, if the interios of the tuba be dusted with lyoopodiuai 
(the yellow powdet^dnst or spocea of the lyoopodinm plaat is oftonempk>yed in medicine), 
before the gae is faitrodueed and the tube fused up^ The fine lycopodinA powder arranges 
iteelf in patehea, wboea number depends on the velosity ol sound in the gaa. If .there 
be 10 patches^ then the velodty of eeund in the gae ia tan times slower thaA in glass. U 
is evident thai this ie an easy method of oempariag the velocity of sound in gases. It 
haa been denonstratod by expesfaneat that ^m velodty of sound in. oxygen ie four timeA 
leee than in hydiogsn, and tha sqwaca rooto ol Ifaa deMMea ssd moletilar welgbta of 
hydsofan and oaynn ilaaii i» tUa ffaltok 
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of carbon bisulphide, CS^sOO, of ether, C,Hj„0,=94, of benzene, 
C,H5, = 109, of alcohol, C,HeO, = 200, of chloroform, CHCl3, = 67, 
Ac, show the amoaiit of heat expended in converting one part 
by weight of the aboTe substances into vapour. A great uniformity 
is observed if the measure of this heat be referred to the weight ot the 
molecule. For carbon bisulphide the formula CS, expresses a weight 
76, hence the latent heat of evaporation referred to the molecular 
quantity Ca,=76 - 90=6,840, for ether=0,656,torheoiene=e,502, for 
alcohol = 9,200, for chloroform = 8, 00 7, for water=9,6-20, ic. That is, 
for molecular quantities, the latent heat varies comparatively little, 
from 7,000 to 10,000 heat units, vhilst for equal parts by weight it 
is ten times greater for water than for chloroform and many other 
■ubstancea." 

Generalising from the above, the weight of the molecule determicei 
the properties of a substance independently of iU eompoeition — i.t. of 
the number and quality of the atoms entering into the molecule — 
whenever the substance is in a gaseous stat« (for instance, the density 
of gases and capoura, the velocity of sound in them, their specifia 
heat, Slc), or passes into that stat«, as we see in the latent beat of 
evaporation. Tliis is intelligible from the point of view of the atomic 
theory in its present form, for, besides a rapid motion proper to the 
molecules of gaseous bodies, it is further necessary to postulate that 
these molecdes are dispersed in space (filled throughout with the 
luminiferous ether) like the heavenly bodies distributed throughout 
the universe. Here, as there, it is only the degree of removnl (the dis- 
tance) and the masses of substances which take effect, while those 
peculiarities of a substance which are expressed in chemical trans- 
formations, and only come into action on near approach or on contact, 
«re in abeyance 1^' reason of the dispersal. Hence it is at once obvious, 
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MOLECULES AND AT0H9 
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the riee of the boiling point fcom 0<''91 to 0°-DgB, H waa found to vncj bttween SSS> and 
S»4. For BolulioiB of iodine T^ In ether, tha malHul&r weight waa found by thia method 
to be between ass and 3e3,andL,-asi. Saiiuni obtained aimilu leiu Its (between »7 
and A(Laj tor solutions of iodine in blaulpbide of carbon. 

We will here leraatk that in determining H {the molecntar weight ot the anbatAnca 
diaaolved) at amall but incraaBTDg concenttatioua (per 100 grma. of water), the remlta 
obeained by Julio Baipnl (1B9S) i>how that the value ot H found by the formula mty 

of UgCl) (from Mi to ESt inttead of 171), KNO, (G7-M instead of 1D1|. AgTfO, I1D1-I0T 
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If IQO gram-molecules of water, i.e. 1,800 grms, be taken and n 
gram-molecules of sugar, C|2H220,| ,i.0. n342 grms., be dissolved in 

greater. For example, according to Schlamp (1894), for LiCl, with a variation of from 
1*1 to 6*7 grm. LiCl per 100 of water, i Tariee from 1*63 to 1'89. But for •abetanca* 
'of the first Mriet (HgCl^ &c.), although in very dilate solutiont i \» greater than 1, 
it approximatee to 1 as the concentration increases, and this is the normal {^lenomanon 
for solutions which do not conduct an electric current, as, for instance, of sugar. And 
w'liii certain electrolytes, such as HgCl^, MgS04, Sec, i exhibits a similar variation ; 
thus, for HgCl) the value of M is found to vary between 265 and dSi ; that is, t (at 
-the molecular weight « 971) varies between 100 and O'Sl. Hence I do not believt that 
the difference between i and unity (for instance, for CaCl^, t is about 8, for KI about t, 
and decreases with the concentration) can at present be placed i^t the J)asit of any 
general chemical conclusions, and it requires further experimental research. Among 
other methods by which the value of i is now determined for dilute solutiont is the 
study of their electroconductivity, admitting that t«l + a(i— 1), where a « the ratio 
of the molecular conductivity to the limiting conductivity corresponding to an infinitely 
large dilation {tee Physical Chemistry), and k is the number of ions into whidi th« 
substance dissolved can split up. Without entering upon a criticism of this method 
of determining t, I will only remark that it frequently gives values of i very close to 
those found by the depression of the freezing point and rise of the boiling point ; but 
that this accordance of results is sometimes very doubtfuL Thus for a solution c<mtain- 
ing 6*67 grms. CaClj per 100 grms. of water, t, according to the vapour tension « fi'S9, 
according to the boiling point b 371, according to the electroconductivity » 9*98, while 
for solutions in propyl alcohol (Schlamp 1804) t is near to 1*83. In a word, although 
these methods of determining the molecular weight of substances in solution show an 
undoubted progress in the general chemical principles of the molecular theory, there art 
ttill many points which require explanation. 

We will add certain general relations which apply to these problems. Isotonic 
(Chapter I., Note 19) solutions exhibit not only similar osmotic pressures, but also tlit 
same vapour tension, boiling point and freezing temperature. The osmotic pressure 
bears the same relation to the fall of the vapour tension as the specific gravity of a 
solution docs to the specific gravity of the vapour of the solvent. The general formul» 
underlying the whole doctrine of the influence of the molecular weight upon the 
p^perties of solutions considered above, ari) : 1. Raoult in 1880-1890 showed that 

£Z£'. 1??. !!.aconstantC 
p am 

where p and p' are the vapour tensions of the solvent and substance dissolved, a tho 
amount in grms. of the substance dissolved per 100 grms. of solvent, M and m tho 
molecular weights of the substance dissolved end solvent. 9. Raoult and Recount iu 
1890 showed that the constant above C ■■ the ratio of the actual vapour density (f of 
the solvent to the theoretical density d calculated according to the molecular weight. 
This deduction may now be considered proved, because both the fall of tension and the 
ratio of the vapour densities d' Id give, for water 1*08, for alcohol 1'09, for ether 104, for 
bisulphide of carbon 1*00, for benzene 1*09, for acetic acid 1'68. 8. By applyuig the 
principles of thermodynamics and calling L| the latent heat of fusion and T| the 
absolute ( « f -I- 978) temperature of fusion of the solvent, and L^ and Tj the corresponding 
values for the boiling point, Van't Hoff in 1880-1890 deduced :— • 

Depression of freezing point L3 T^ 
Rise of boiling point L| ' T? 

AT ^/j. 

Depression of freezing point « C- JL- 

LiM| 

Rise of boamg point « ^?^? 

L9M1 

where A«0'01986 (or nearly 009 as we took it above), a is the weight io grmt. of the 



MOLECTILfiS ASD ATO-Wg fl33 

them, then the depresBion rf, or fall (counting from 0°) of the tempera- 
ture of the formation of ice will be (aijcording to Pickering) 

n = 0010 0025 O'lOO 0-250 1-000 
^ = 0° O'^OiOS 0°-02SO 0"1115 0°*2758 I°-I412 
which showa that for high degrees of dilution (up to 0'25 n) il ap- 
proxiniutely {eatimsLting the possible errors of experiment at ±O°'0O5) 
=bI10, because then d=0°, 0=0110, 0°-0375, 0°-1100, 0°-2750, r-1000, 
and the diSbreace between these figures and the results of experlcueal 
for very dilute aolutions is less than the possible errors of experiment 
(tor n = l the difTerence is already greater) and therefore for dilute 
solutions of sugar it may be said that n molecules of sugar in dis- 
solving in 100 molecules of water give a depression of about l°'l n. 
Similnr data for acetone (Chapter I., Note 49) give a depression o£ 
l^'OOG n for n molecules of acetone per 100 molecules oC water. And 
in general, for indifferent BubstniiCPS (the majority of organic bodies) 
the depression per 100H,0 is nearly wP'l to rI°'0 (ether, for instance, 
gives the last number), and consequently in dissolving in 100 grms. of 
water it is about I8°-0 n to ld°-0 n, taking this rule to apply to the 
ate of a small number of n (not over 0-2 n). If instead of water, 
other liquid or fuseil solvents {for example, benzene, acetic acid, ace- 
tone, nitrobenzene or molten naphthaline, metals, Ac.) be taken and 
in tlie proportion of 100 molecules of the solvent to n molecules 
oE a dissolved indifferent (neither acid ncv saline) substnnce, then the 
depression is found to bo equal to from 0'''62 n to 0''-G5 n and in 
general C». If the molecular weight of the solvent = ni, then 100 
gram -molecules will weigh 100 m gnns., and the depression wilt be 
approximately (taking 0-83 n) equal to m 0*63 n degrees for n molecules 
of the substance dissolved in 100 grms. of the solvent, or in general the 
depression for 100 grms. of a given solvent ^ ibi where k is aliuost 
a constant quantity (for water nearly 18, for acetone nearly 37, Ac.) for 
all dilute solutions. Thus, having found a convenient solvent for ft 
given substance and prepared u definite (by ifeight) solution (i.e know- 
ing how many grms. r of the solvent there aro to q grms. of the 
snhetance dissolved) and having determined the depression d — i-e. the 
(oil in temperature of fieedng fur the solvent— it is possible to deter- 
mine the molecular weight of the substance dissolved, because d^= kn 
where d is found by experiment and i is determined by the nature 
ot the solvent, uid therefore n or the number. of molecules of the 
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•ttbttanoe diuolved can be found. Bat if r grmt. of the iolv6nt and 
q grms. of the substanoe diflaolved are taken, then there are 100 q/r 
of the latter per 100 grms. of the former, aiid this quantity b n X» 

where n is found from the depression and as and X is the mole- 
cular weight of the substance dissolved. Hence X =s --—-^, which 

gives the molecular weight, naturally only approximately, but still with 
sufficient accuracy to easily indicate, for instance, whether in perozicle 
of hydrogen the molecule contains HO or HsO) or H^Oj, «kc (HjOt it 
obtained). Moreover, attention should be drawn to the fact that 
a great many substances taken as solvents give per 100 molecules 
a depression of about 0*63 n, whilst water gives about 1*05 n, ue. a 
larger quantity, as though the molecules of liquid water were mors 
complex than is expressed by the formula H^O.'* A similar pheno* 
menon which repeats itself in the osmotic pressure, vapour tension 
of the solvent, &c. (see Chapter I., Kotes 19 and 49), i.e, a variation 
of the constant (k for 100 grms. of the solvent or K for 100 molecules of 
it), is also observed in passing from indifferent substances to saline (to 
acids, alkalis and salts) both in aqueous and other solutions as we will 

** A timilAr conolation reftpectinK the molecular weight of liquid water (t.e. thftt its 
molecule in a liquid state it more complex than in a gaseoue state, or polymeriied into 
Ha04, HtfOs or in general into nH^O) is frequently met in cheraico-physical literatim^ 
but as yet there is no basis for its being fully admitted, although it is possible that 
« polymerisation or aggregation of several molecules into one takes place in the psa* 
•age of water into a liquid or solid state, and that there is a converse depolymerisaiion 
In the act of evaporation. Recently, particular attention has been drawn to this subjeei 
owing to the researches of EUtvos (1686) and Ramsay and Shields (1898) on the variation 
of the surf ace tension N with the temperature (N ■ the capillary constant a' multiplied 
by the specific gravity and^divided by 9, for example, for water at 0^ and 100° the raloo 
of a*«BlS*41 and 19*68 sq. mm., and the surface tension 7'99 and 6'Oi). Starting from 
the absolute boiling point (Chapter II., Note 99) and adding 6°, as was necessary 
from all the data obtained, and calling this temperature T, it is found thai 
AS "■ ArT, where 8 is the* surface of a gram-molecule of the liquid (if Mis its wel^l 
in grams,! its sp.gr., then its sp. volume » M /t, and the surface S«V(M,'«)*), A tho 
•urfaoe tension (determined by experiment at T), and k a constant which is inde* 
pendent of the- composition of the molecule. The equation AS«*A;T is in complete 
agreement with the well-known equation for gases vp ■ RT (p. 140) which serves for 
deducing the molecular weight from the vapour density. Ramsay's researches led him 
to the conclusion that the liquid molecules of CSj, ether, benfene, and of many other 
•obstances, hitve the name value as in a state of vapour, whilst with other liquids thii ia 
not the case, and that to obtain an accordance, that is, that k shall be a constant, it ia 
necessary to assume tlie molecular weight in the liquid state to be n times as great. 
For the fatty alcohols and acids n varies from 1^ to Si, for water from 9^ to 4, according 
to the temperature (at which the depolymerisation takes place). Hence, although this 
subject offers a great theoretical interest, it cannot be regarded as firmiy established, 
the more so since the fundamental obervations are difficult to make and not sufficiently 
ontnerouB , should, however, further experiments confirm the conclusions arrived at by 
Professor Ramsay, this will give another method of determining molecular weights. 
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» (according to Pickering's tlaU 1892) for solutions of NaCl and 
CttSO, in water. For 

001 003 005 O-I 0-5 

molecules of NaCl the depression is 

d = 0''-0m OO'Osgg O''-O902 0°1958 0-9544 

which corresponds to a depreesion per molecule 

K=l-77 1'96 1'98 1-96 1-91 

i,t, here in the most dilute Eolutions (when n ia newly 0) (2 is obtained 
ftbout 17 n, while in the cow of sugar it was about I'l n, For CuSO, 
for the same values of n, experiment gave : 

<i=0'^-0lG4 0'''0461 0°-0621 0'''1321 _ 0'''5245 
K = 1'64 1-50 1-44 1-32 1-05 

i.r. here again d for very dilute solutions is nearly 1-7 n, but the value 
of K fulls ss the solution becomes more concentrated, while tor NaCl it 
at first increased and only felt for the more concentrated solutions. 
The value of K in the solution of n molecules of a body in lOOUgO, 
when d = Kn, for very dilute solutions of OaClj ia nearly 3*6, for 
Ca(NOj), nearly 2-6. for DNO,, KI and KHO nearly 1*9-2-0, for 
borax NsjBjO, nearly 3-7, Ac., while for sugar and similar substances 
it is, as has been already mentioned, nearly 1-0 — 1-1. Although these 
figures are very different"*'' still i and K may be. considered constant 
for analogous substances, and therefore the weight of the molecule 
of the body in solution can be found from d. And ss tlie vapour 
tension of solutions and their boiling poinU (s«e Note 27 bis and 
Chapter I., Note 51) vary in the same manner as the free:^ing point 
depression, so they also may serve as means for determining the mole- 
cular weight of a substance in solution.'' 

Thus not only in vapours and gases, but also in dilute solutions of 
solid and liquid substances, wc see that if not all, still many properties 

•• •» Thsit tuUnce ii eiproiMd In the mu* mumer u km done bj Vm't Ho8 
(CliipUrl., NoWiieiuidig} by tlie qokplil; >, Uking iCu -1 wbeu i'lUS, iu that cue 
lor Ki. > i> neuly 9, tor bom Btont 4, Sic. 

" W« Till dte one more eumple, ihotiiiig the direct dependence of the prufiecU'ei ot 
■ •DbBtuics on the moleculu weight. If one moleeulu pari bj weight of the vuioas 
ohloda«i-lac inaluioe, of lodiiiin, oJcium, buium. Sio.—bt dinotved in £00 idoIdcuIu 
parti by weight o( wat«( {for insluice. Id 8.000 gnuni) then it ia foond Uut the grentet 
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are wholly dependent upon the molecular weight and not upon thcqualitj 
of a substance, and that this gives the possibility of determining the 
weight of molecules by studying these properties (for instance, the vapour 
density, depression of the freezing point, kc.) It is apparent from the 
foregoing that the physical and even more so the chemical properties of 
homogeneous substances, more especially solid and liquid, do not depend 
exclusively upon the weights of their molecules, but that many are in 
definite {see Chapter XV.) dependence upon the weights of the atoms 
of the elements entering into their composition, and are determined by 
their quantitative and individual peculiarities. Thus the density of 
solids and liquids (as will afterwards be shown) is chiefly determined 
by the weights of the atoms of the elements entering into their composi- 
tion, inasmuch as dense elements (in a free state) and compounds are 
only met with among substances containing elements with large atomic 
weights, such as gold, platinum, and uranium. And these elements 
themselves, in a free state, are the heaviest of all elements. Substances 
containing such light elements as hydrogen, carbon, ox jgen and nitrogen 
(like many organic substances) never have a high specific gravity ; in 
the majority of coses it scarcely exceeds that of water. The density 
generally decreases with the increase of the amount of hydrogen, as the 
lightest element, and a substance is often obtained lighter than water. 
The refractive power of substances also entirely depends on the com- 
position and the properties of the component elements. ^^ *>'• The history 

n bu With re«pect to Uio optical refractive power of subHtancen, it matt first b« 
ob8or\'od that the coefficient of refraction is determined by two niothodH : (a) either all 
the data are referred to one definite ray — for instance, to the Fiaunhofer (sodium) line 
D of the solar si)ectrum— that is, to a ray of definite wave length, and often to that r«d 
ray (of the hydrogen spectrum) whose wave length is GOG millionthB of a millimetre ; (6) 
or Cauchy's formula is used, showing the relation between the coefficient of refraction and 

dispersion to the wave length n^A-f — , where A and B are two constants varying 

for every substance but constant for all rays of the spectrum, and \ is the wave length 
of that ray whose coefficient of refraction is n. In the latter method the investigation 
usually concerns the magnitudes of A, which are independent of dispeniion. We shall 
afterwards cite the data, investigated by the first method, by which Gladstone, Landolt, 
and others establislied the conception of the refraction equivalent. 

It has long been known that the coefficient of refraction n for a given substance 
decreases witli the density of a substance D, so that the magnitude (n-1) -^-D-sC it 
almost constant for a given ray (having a definite wave length) and for a given substance. 
This constant is called the refractive energy, and its product with the atomic or mole* 
oular weight of a substance the refraction equivalent. The coefficient of refraction of 
oxygen is 1'00021, of hydrogen 1'00014, their densities (referred to water) are 0*00148 
and 0*00009, and their atomic weights, OdB, H-l ; hence their refraction equivalents 
are 8 and 1*5. Water contains H^O. consequently the sum of the equivalents of 
TtfrSoiion is (2 m 1*6) 4- 8 » 6. But as the coefficient of refraction of water s^lSSl, 
ite refraction equivalent « 5*958, or nearly 6. Comparison shows that, approxi- 
natetj* the turn of the refraction equivalents of the atoms fonning compounds 
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of chemUtry presents a striking example in point— Newton foresaw 
from the high refractive index of the diamond t]iat it would contain 
» combuEtible substBace since so manj combustible oUa Lava a high 
refractive power. We shall afterwards see (Chapter XV.) that 
many of those properties of substances which are in direct dependence 
not upon the weight of the molecules but upon their composition, or, in 
other words, upon the properties and quantities of the elements enter- 
ing into them, stand in a peculiar (periodic) dependence upon the 
atomic weight of the elements ; that is, the mass (of molecules and 
atoms), proportional to the weiglit, determines the properties of. 
tubstances as it also determines (with the distance) the motions of the 
heavenly bodies. 

(oi miituiea) li equil la Uie rafrutlon fquitilent of the compoDad. Accord!o[ la IIib 
raHorohcH of GLidBloae, Lftadoll, Hageo, Brtihl mod otben, lli« nffncbiob equiTklenlB of 
tbee1enuntiiire~H~]'B, Li •^8.3, B^l«, C-B-O. N'4't (in Ha highlit tUU^ oF oxidn- 
(ion, B-B), 0»a-B, P-lt, Na = f8, Mg-7-0, Al-B-4, Si^B'B, P-IB'B. a-16'0, C1-B», 
K'-B'I. C4=10'4, HD^t9'9,Fs^I3'0(iiithB wlt> of fit higlior oiidei, 301), Co^ID'S, 
Cu^ll'O, Zq^IO'B, A>^lB'4,Bi^lB-B,AE-lS-7, Cd'lBA I'llS, Pl-IDO, Hg = ap'9,' 
Fb^M'B, &c. The reliutian equlrkEanU ol many elemanli could only t>« vikaUlod. 
bom the ^ulioat of ILeLr compouikda. The compoaiCLOn at m talolion Iwing known it, if 
poHnihlt] to cftlcnlatfl Ihs nfractiot^ Bqni talent of ouo of ill companedt parli. tboH Eoi all' 
ita oilier oompoaenU being knawu. The reeulU are foanded on Ihe accaptance of a law 
which cuuiot be atEicily s|)plied. Nevortheleu Uie repreuntation of the ntrulion 
eqairalenta glue* an eaay meant lor directly, although only approilmstely, obtaining tha- 
ooelBoient of retttclion ln>m the i-liemical corapasitioa of * inbaltncs. FAt iml&nce, 
the cDinpoailion ol mbon bitulpUide it CSi-lfl, and from ita denitty, 1-17, we 6nd iti 
eoeffloieatof nlrutioB to be lOlB (Iweaiua the refradtlon eqoirateut ^9 + 1' 16=B7), 
which 19 vec7 oear the asluiLl figure. It ii evideut that in the above lepreaentation cmn- 
faiundt are looked oa aa aiiDple mLxturea of atoma, and the phyaical prgpcrtipfl of * com- 
pound u the Bum of the propertiea pieaent in (he elemenlAry atomt (onDiog It. If Ihl* 

of combining by a lew Bguna a whole mui of data lelating la the coeiBcient of refrM- 
lion of diOerent aobibtiicn could hardly have aciien. For Fiuther delaila on tliia aubieel. 
He worke on Bhyneal ChtmiUry. 
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CHAPTER VIII 

CARBOir AKD THE HYDROCARBONS 

It is necessary to clearly distinguish between the two closely-allied 
terms, charcoal and carbon. Charcoal is well known to everybody, 
although it is no easy matter to obtain it in a chemically pure state. 
Pure charcoal is a simple, insoluble, infusible, combustible substance 
produced by heating organic matter, and has the familiar aspect of a 
black mass, devoid of any crystalline structure, and completely in* 
soluble. Charcoal is a substance possessing a peculiar combination of 
physical and chemical properties. This substance, whilst in a state of 
ignition, combines directly with oxygen ; in organic substances it is 
found in combination with hydrogen, oxygen, nitrogen, and sulphur. 
But in all these combinations there is no real charcoal, as in the same 
sense there is no ice in steam. What is found in such combinations it 
termed * carbon' — that is, an element common to charcoal, to those 
substances which can be formed from it, and also to those substances 
from which it can be obtained. Carbon may take the form of char* 
coal, but occurs also as diamond and as graphite. Truly no other 
element has such a wide terminology. Oxygen is always called 
•oxygen,' whether it is in a free gaseous state, or in the form ol 
ozone, or oxygen in water, or in nitric acid or in carbonic anhydride. 
But here there is some confusion. In water it is evident that there is 
DO oxygen in a gaseous form, such as can bo obtained in a free state, 
no oxygen in the form of ozone, but a substance which is capable 
of producing both oxygen, ozone, and water As an element, oxygen 
possesses a known chemical individuality, and an influence on the 
properties of those combinations into which it enters. Hydrogen gas 
is a substanee which reacts with difficulty, but the element hydrogen 
represents in its combinations an easily displaccable component part. 
Carbon may be considered as an atom of carbon matter, and charcoal 
as a collection of such atoms forming a whole substance, or mass of 
molecules of the substance. The accepted atomic weight of carbon 
is 12, because that is the least quantity of carbon which enters 




b; 



into cooibinatioQ in molecules of iU compounds ; bot the weight o( 
the molecules ot charcoal ia probably very much greater. This weight 
remains unknown becaoso charcoal is capable of but few direct 
reactions and those only at a high temperature (when the weight 
o( iLi molecules probably changes, aa when ozone changea into oxygen), 
and it doea not turn into vapour. Carbon exista in nature, both in 
a free and combined state, ia most varied forms and aspects. Carbon 
in a free state ia found in at least three different Eornn, as charcoal, 
graphite, and the diamond. In a combined state it enters into the 
composition of what are called organic substances — a multitude ot 
Bubstnnces which are found in all plants and animals. It exists 
OS carbonic anhydride both in air and in water, and in the soil 
and crust of the earth as salts of carbonic acid and as organic 
retnains. 

The variety of the substancea of which the structure of plants and 
Animals is bailt up is familiar to nil. Wax, oil, turpentine, and tar, 
cotton and albumin, the tissue of plants and the muscular fibre of 
animals, vinegar and stjirch, are all vegetable and animal matters, and 
all carbon compounds.' The doss of carbon compounds is so vast 

' Wood IB liio DOD'Titbl port of ligneoui planU : the villi port of ordiMry ireen is 
■itoiLlcd between Uie buk sad the Ugsin. Eiery year » Ujiei of lignin ii depoiited sn 
tlii« purl bjr Ihe jnidei which uosbBorbed by the rooti ud drum npby the leaveij [or 
Ihu cnioD lbs ege of tran mikybs dBtarminad bytha number ol lignin la,jtn deposited. 
The iroody matLeTooniistapriDCJptJLyof AbrouttiEBueon to which the lignin or Ki.ciUled 
jncruBttDg miktter bos been deposited. The tiiine lu« the cooipaBition CgUi^Oj, tha 
»ub«lBO(e daposiled on it eoulaini more cerbon »nd bydrogea and Icbb oiygsn. Thii 
auttei ii wttsTiled with moiatuia irhea the wtwd ig in m freah (Ule. Fteih binh wood 
SODluni iboat SI p.e. o( water, lime wood IT p.c, onk 3E p.c, pina and Sr about S7 p.0. 
Wbea dried in the aiithe wood loHi a ooDliderable quantity ol water and not more (baa 
lOp.c. rtmiaini. By artiRcialmeanithisloMolwatecmiybaincceiieed. UwaUrbadriiea 
inlo the poiea o[ wood tba Utter baoomoB heaTier than water, aa the lignin oI which it ia 
ociinpoBed bu ■ daniity of about I'S. Ona cubio centimotn ol birch wood doea not 
*eit;h more than O-SOl gram, fit OWI, lime tne 0817, poplar 'TSS when In a (reah 
•tate ; wheo in s dry itate birch woighi 0(133, pme (HiO, £r O'SSS, Uma Q-MO. guunCDin 
I'Hia, ebony 1326, On one hectare (ST acrei) ot woodland the yeuly growth avenges 
the amouQt d[ S,000 kilognms (or about 3 tooa] ot wood, but tuely trachea aainnch aa 
e,00a kiloa. The aicrage chemical corapoaition ot wood dried in air may ba eipceewd M 
follow a :—HjgiDBCopio water IS p.o., carbon 12 p.o., hydrogen B p,e.,oiygBn and nitrogen 
>T p.o.. Bah I p.o. Wood parta with ila hygroscopic water at 130°, and decompoaaB at 
.about 300°, giring a brown, brittle. BO-called red charco*! ; above B50-' blacii charcoal ia 
produced. Aa iba hydrogen contained in wood reqoireB tor ita oombDotiun about forty puis 
by weight of oiygen, which ia piewnt Co the unomit ot about SB pj., all that buma of 
thenood I b the carbon which it contain!, 100 |iarta of wood only giving out aa much heat 
aelorly parta ot charcoal, and Iberelora it would be tar more proStablalo nee charcoal for 
heatmg purpoaea than wood, if it were poivbta to obtsln it in aoch goantitiea aa cottc 
th it> peroentage ratio — that ia forty part* per 100 paria of wood. OcDeraJly, 
the cioantitj prodooed i« tu leaa, not more Ihin SO p.p., becauee part of Ui« 
given oS te gaa, t*r> to. U naod hu to be traoiportad great ditlucea, or it 
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Uwt it forma a Mparato bnnch of ohemiitry, known Qoder the naiD« 
of organic chemistrj— that U, the chemutrjr of carbon compound*, ok, 
more ctrictl;, of the hTdrocarbons and their derivative*. 

jL It BHMHuj to obUUn 1 T*i7 hifb tamptnlni* b; burslsf it, thto (Ttn ■■ littl* e> 
SI f,e. at cluKoaJ Iiom lOO pirti ol wood m>j ba utvutagsODi. Chuccwl (Frooi wood) 
doralopi on burning 8,000 bMt cmiti, iibilit wood drisd in sir iom not denlop luun 
tkui >,BO0 unit! ol hnt ; ttaanlOn tana puta ol chmrcool (tra M mnah b«t m twantj 
puta ol wood. A« Ttgud* Uu tampanton ol oonbuition. it it fu hichat iiltb chuvoel 
thu) ailli irood, beouu tventr puli ol botnui^ woixl gin, baaidai tb« cubonic uibjdTid* 
vhich !• ilM lonnad togethtr witb chueoal. alaTsn pMta ot w*t*r, Uw anpanlioo at 
whioh nqtiim ■ contdacsbia uaoont ot baat. 

nw compoiilion ot tbo giowinRparta ol plu ti, ths laivaa. Tanog bnoahat, iboota, In^ 
diRan Irom Iha compoiition ol tba wood In thkt thaaa vital pirta coiit 



Fro. (T.— Apiaintin (or Iht 




qainlitr ol up which conlaini mach nitngenoDi natter (in tha wood itaall tbaraiararj 
niUe), minenl utt«, and a larga anannt ol water. Taking, loi eumpla, tlxa compoaitioa 
of doTar And paitara bay in thegnan and drj atata; in 100 parta of graen clovai tbar* 
li about SO p.c. ol walar and SO p.o. ol dry mattar, in which thara an about SS parta ot 
nitrogenoua albuminona maltar. abont B-t parta ol aolobla and abont S parti ot inaoInUa 
iion-n<trogenoaanintl«r,aiidahont3p.r. ol adi. Indi^clonTorclater. hay than is about 
IS p.c, ol water, IS p c. of iiitn-gimona mattar. and T p.e. ot aah. Thii coiopoailion ol 
graaay inbiUncea aboxa lliat Ihay an capabl. o< Forming tha lanie aort of i^lianroal aa 

and the aubitancet mentioned. Ttiaie latler aerro ai load lor animali, becauaa tiiay 
oontain thoae lubttancn which an capablo of being dinaolvad lentarihg iuta Uia blood) 
and forming the body ol animala; auch iBbatancaa an prataidi, atarcli, lie. Let ua 
nmnrii hara that with a good harreat an acn ol land giToa in tha lorm of grua lu much, 
organic anbaCance aa it jielda in tlie form ol wood. 

One hnndrad parta ol dry wood an e^iabta ol giTiog. an dry diiUUation, beiidaa 
IE p.c r>f charcoal and ]0 p.e. or mon of lar, 40 px. ol watery liquid, containing aCalio 
■cid and wood aprit. and about W px. of gaaea, whidi maj ba naad lor beating or 
BghHnc puipvaaib baeaowtlwj do not Wbr fann oidtauT UlutiaaUng |h> wUeb out 




le of these organic compounds be strongly lieat«d witliui 
— or, better still, in a vacaam — it decomposes *ith re 
less facility. If the supply of air be inEufKoient, or the temperature be 
too low for combustion (si^e Chapter III.), aiiil if the first volatile pro- 
ducts of transformation of the organic matter are subjnrted to coiiden- 
1 (for example, if the door of a stove be opened), an imperfect 
conibustion takes place, and smoke, with charcoal or soot, is formed.* 

Indeed be obloioed from tdcxL Ai vood-Qluircoiil nod Uc ue valuable pralucta. in taino 
cuei the dry diitillUion ol wiwd i« cuii«d on principill; tor prodncing tbem. For lliia 
poifou thou kind! ol iroodi ue putieaJulj »dv>nt*e«>i» which conUin nginona anb- 
tuacs, Mpseimllj iwDitnau* tre», inch u fir, piiii, &c. ; birch, ooli, uid aih giis much 
Icu tUibnt on Ihcotheihuid the; field niore aqueoui liquor. The liller ia nud lor Ihg 
in>iiulutDrsoIvaodiplrit,CH,0. and icetiE acid, C^,0,, Id snch cuei, thedr; dia. 
liltRlioa la canied on in atilU The itilli are nothing more thui horiionlal or Tertical 
cjtindriul reU<rU, made ol boiler pUle, beatad with fuel and having apertnTsa «t 
the lop and Hunelintea alao at the bottom for the. eiit at the Ught lud beavj pio- 
dnila of diUillation. The dr; diitillalion of *ood in aloTei ia ealncd on In two waja, 
•ilhflbjbnrnlng a portion ct thsmwd iniide lbs itove in order (o aubmitUie remainder 
to dry diilillation by n»an> of the heat obuined in thia muiner, or b; pladng the vood 
In a iloie the thin lidea ol nhich tie eanonndEd *ilh a Dds leading tiom the fnot. 
placed in a space below. 

The fint nisthod doe* not £i<e anch a large amonnt of liquid producU ol the dry 
di«illsCion HI thg latter. In the Utler proceaa there ia genemllf an outlet below lor 
emptying out the charcoal at Ibe close of the operation. For the dry diatillaliaa ol 100 
parta of wood Irom forty Ut twenty partB of fuel are UBed. 

In the north o[ Rouia wood ia *o plentiful and cheap that thia locality ia admirably 
Htlcd lo become the centre of • gmeral trade In the producta ol it* dry diitillation. 
Coal (Note SI, lea-weod, turf, animal aubtlaocei {Chaptei VI.J, Ac., ue alao rabnutled 

■ The reanlt of imperleol eombnalion ia not only the lota of a part ol the fuel and the 

alao a low flame tsmperalnre, which mean* that ■ laaa amonnt ol heat ia tiwiamitted lo 
the object bcated. Impcrlocl cDmbustion ii not only alwaya accompanied by the loima- 
tion of aoot or onbornt partidea of cliarcoal, but alto by thai ol earbonio o>ide, CO, in Iha 
amoke (Chapter IX.) which burnt, emitting much heaL In works and lacloriea wli«« 
large qnantitiea of fuel are coniiDintd, many appliance! are adopted la enaore perfect com. 
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¥he natnre of the phenomenon, and the prodiiets Arising from it, are the 
same as those produced by heating alone, sinee that part which is in s 
state of combustion serves to heat the remainder of the fuel The 
decomposition which takes place on heating a compomxd compoeed of 
carbon, hydrogen, and oxygen is as follows :— A part of the hydrogen 
is separated in a gaseous state, another part in combination with 
oxygen, and a third part separates hi combination with carbon, antf 
sometimes in combination with carbon and oxygen in the form of 
gaseous or volatile products, or, as they are also called, the products of 
dry distillation. If the vapours of these products are passed through 
a strongly heated tube, they are changed again in a similar maonev 
and finally resolve themselves into hydrogen and charcoal. Altogether 
these various products of decomposition contain a smaller amount of 
carbon than the original organic matter ; part of the carbon remains 
hi a free state, forming charcoal.' It remains in that space where 
the decomposition took place, in the shape of the black, infusible* 
Bon*volatile charcoal familiar to alL The earthy matter and all non^ 

nay be euily attained by the aee of etep flre-ban. The fuel is fed into a hopper and 
falls on to the fire-ban, which are arranged in the form of a staircase. The burning 
eharooal is below, and hence the flame formed by the fresh fuel is heated by the oon* 
lact of the red-hot burning charcoal. An air supply through the fire grate, an equal dit* 
llribntion of the fuel on the fire-bars (otherwise the sir will blow through empty spaces and 
lower the temperature), a proper proportion between the supply of air and the chimney 
draught, and a perfect admixture of air with the flame (without an undue excess of air), 
are the means by which we can contend against the imperfect combustion of such kinds 
of fuel as wood, peat, and ordinary (smoky) coal. Coke, charcoal, anthracite, bum with- 
out smoke, because they do not contain hydrogenous substances which furnish the pro* 
ducts of dry distillation, but imperfect combustion may occur with them also ; in that 
ease the smoke contains carbonic oxide. 

> Under the action of air, organic substances are capable of oxidising to such an extent 
that all the carbon and all the hydrogen they^contain will be transformed into carbonic anhy> 
dride and water. The refuse of plants and that of animals are subjected to such achangs 
whether they slowly decompose and putrefy, or rapidly bum with direct access of air. But 
if the supply of air be limited, there can be no complete transformation into water and 
oarbonio anhydride, there will be other volatile matters (rich in hydrogen), while charcoal 
must remain as a non-volatile substance. All organic substances are unstiJ^le, they do not 
mist heat, and change even at ordinary temperatures, particularly if water be present. II 
la therefore easy to understand that charcoal may in many cases be obtained through tha 
transformation of substances entering into the composition of organisms, but that it it 
oever found in a pure state. 

However, water and carbonic anhydride are not the only products separated from 
organic substances. Carbon, hydrogen, and oxygen are capable of giving a multitude of 
oompounds ; some of these are volatile compounds, gaseous, soluble in water— they are 
•carried off from organic matter, undergoing change without access of air. Others, on tha 
oontrary, are non- volatile, rich in carbon, unaffected by heat and other agents. The latter 
remain in admixture with charcoal in the place where the decomposition takes place ; suck^ 
far example, are tarry substances. The quantity of those bodies which are found mixed 
with the charcoal is very varied, and depends on the energy and duration of the decom- 
poting agent The annexed table shows, according to the data of Violette, those changes 
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nlatila nbstancea (ub) fomuDg a, part of the orgBoio matter, rerosiit 
behind witb the ohorcoaL Tho tar-like substances, vhich require k 
high temperature in order to decompose them, also remain mixed with 
Ohu-coal. If a, volatile organic substance, soch ns a gaseous componnd 
containing oxjgen nod hydrogen, be taken, the carbon separates on 
passing the vapour through a tube heated to a high temperature, 
Organio sabstances when bnrning with Ko insafi9cient supply of air 
give off soot — that is, charcoal — proceeding from carbon compounds in 
a state of vapour, the hydrogen of which hoe, by combustion, been 
converted into water ; so, for instance, turpentine, naphthalene, and 
bther hydrocarbons which are with difficulty decomposed by heat, easily 
yield carbon in the form of soot during oombostion. Chlorine and 
other substances which, like oxygen, are capable of taking up hydro 
gen, and also substances which are capable of taking up water, can 
also separate carbon from (or char) moat organio substancea. 

Wood charcoal is prepared in largo quantitiea io a similar mannar 
—that is, by the partial combastion of wood.' la nature a similar 
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* Xhfr obJKl of prndadng ^lifcR04l from wood fu* been expUined in Mote L 
Wood thareaxl ii Dbltined id KMj&Ued HtAoka by pftrti^Lly bamiug tbe wood, or bj 
tamna ol dry d»tiUstion (5o«« 1) wiUuiat ihe koms of mit. II i> prlnciptUv msns- 
Uctnied lor meUUaiginl I]^oce8H^ etpwiailj lo[ uoeltiDg ud toiging inn. Tbit 
|iTepAjalioD of Gharcoft] in itftcki lua ODe i4Tuitft^t uid bh4t U Iba-l H mij be doDV 
m uy ipot in tbe loieit. Bat in Uiii wiy til tb« prodccti of dry diitUlstioB uo lett. 
For cbucoaJ bnniin^, a pile or itack is ^uenUy, built, iu which tbe lofi Are placed 
nloie together, either horinnUUly. vertictlly, or inclined, [orming t. ituk of from ite 
to filly (set in diunelsr ud eveii luger, Dcder the ■Uok ue tevsnJ boriaoDU) air 
pungH, ud ui apemu)( in the middle to let out tho smoks. Tbe soriue of the itaek i* 
covend with euth and uda to • ooosldcnble thickneu, eepeouJIy tbe Dpper put. In 
order to hinder the (m {iMMge t4 ait ud to cDnoentitle tbe b«t innde. When Itat 
■tKk is kindled, the pile - begioi to eettledowa by dsgreea. and it ii then neoaiauy to 
look •iloT the turf cskdj; ud keep it in repair, A« the f ombiutioD apreitda tbroiighoai 
the wboie pile, th« ttinipflratiire riiai ud nal dry diatilUlinn eoDuztenoee- It ii tiimi 
neceaauy to itop the sir hoIe>, in order u muob u pouible lo pr«Tent nnneoeliaiT'Com- 
bnatiOD. The iiatiira of tbe pnieew u. thi( pat of the [net bnnu ud damlopi llie heal 
isqiurKd for inbjeeting the mtuioder to dry diitillatioo. Tbe ghuring ia (tappad vhoi 
the producU of dry diiUllation. which are emiitad, aa lander bum witb a brilliant Oama, 
of carboBlo oiiite appaan. Dryitood iD'MaokaTi«Id«aboBlaoB> 
AMiibc^lta weight ol ' 
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[irocesa of carbonisation of vegetable refuse takea plaoe in iU tmu' 
tormation under waWr, aa shown by tbe loarsbj vegetation which 
forms peat.' In this manner doubtless the enomioae masses «f 
coal were formed ^ which, following the example set by England, ars 
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4 toil doh Id huiDD 

blown nuttel (ntmii 

both iD»IabIa in n 

{tfoattiut acid), ud lutly > colon 

■olTea K putol tbeorigiiul brawn uid bluk inbttuicea, fonninfi Blnlioni a( > brovnUnl 

iviaSe ud bnmin uida) »hicb Kunetiinel oommnniaiU tbcir oolODrlo tpringt uid nnn. 

Tbo pnpoitlon of hnmai in ull gentnUjrhMftdlnctinflaenoe on iU terlllit;; AnOj, 

bManu pDUBrjlng plwiti derelop arbcu^ uiliTdhdi luid unmonit, ind yield tha nib- 

■tuon lociDlDg Ilie uIhi ot pIuU. whloll an neoeauy to TtgBlkUon ; Hcondlj, becMIS* 

harnna i* sii|«bl« of Bttrutiog lbs moiitnie of tha ur uid ol (bKitbing witcr {Vtiem ita 

weight) and in tbii WI17 keopa the aoil in ■ damp eooditiun, which ia indiapenaabla lor 

DODTiahmonC i thirdly, hamm render! the acHl poniUB, and. fourthly, it reoden it num 

capable of abKCbiog the heal ol tbs ann'i laja. On thla account black aaiDi la oftan 

nt Noiarkable toi iti lartilily. One objoct ol ouuiDriag ia to intnaaa (ba qnaatitj ol 
hnmoi b tbe toil, and lUiy eaiily ohangoabla Tegetable or any ajiimal matter (ooopofla) 
may be nud. Tbs boundlett tncti ol black earth aoil in BaHtaarecapablBof boMoiiriBg 
eoDDtlcM wealth on tha conntirT. 

Tha uHgla and ailanl ol black earth wil are treated in detail in ProFeaaor Dokon- 



which pToduc* 



inder, 



jCatboDio anhydnda ii formad, a qnaatitr dI muib gaa, CH,. ia anolvcd, and tha aolid 
id hnmoa lonnd in groat ijiuuitiliei in nianhf plaog* and callsd 
iptal. Peat Ii eapeclally abandant in the lowlanda of Holland, NmUi Gnmnj, 
blluid, Mid Baiaria, In Bniala it ii likewiw (sand In large quantities s^MdaUj is 
UMNorth-VaatdiitiJoli. The old hard lormi of peat iMetnble In compoiitieo and pt^ 
(artist bnm coalj lbs neweat rortaationa. u yet tinbardaned by preaanra, fiitm tvj 
wool tnsaiw ithiBh retain tiacoa ol the Tegetabia niatlur from which thejr bi** ban 
lonied. Dried (and vimeljmei |a«ned) peU li aacd u Fuel, The compoaition ot paat 
ta conaiderably with tha loealily in which it ii found. When dried in air it doe* not 
•OBlalu Ibu than IB p.e, ot water aod S p.c of ash ; the romaindci censlita d 4S pA ot 
c of hydrogen, 1 p.c. ot nitrogen, and US p.e. of otygcn, lu beating powef 
it aboat •qnlTolenl to that of wood. Tlie brown earthy Tuietlei of coal vera probably 
In other caaea lAey liaia a marked woody atractun, and ore then 
known at lignitea. Tha coupestiDn of the brown aorta ol coal foKmbloi in a marked 
itgn* that of pcaU-namaly, in a dritd ilata brown oool containa on an aisroge SO fA 
it ooibon, 1 p«, at hydrogen, M p.c. of oiyg« and niliogen, and p.o. ot ath. In 
Bnaaia brown coat la met with in many dlitiicW near HoKow, is tfae Oovenunenta rf 
Tonla and l>TaI and the oaighbourhood ; it ia rerj otnally nied aa Inel, portioalarl)' 
whan foand 10 ihiak aeama. The brown coala ninally bum wilh a dame like wood and 
yaol, and an okio U> thoa in beating power, which ii hall or a third that of Ibe bail 
-•sol. 

M tod wood, tha togtlalionol primal a] acu and aimiUrnlDK of all geoksleal 

moit ban been in many caooa aob>eatad to the famp change* Uwy now 

Oder water Ibey tomad gmi tad Ugniloo. Soch tobslaacMi t>* 

I M a l«m time nndargrossd, mbjadad to the action of water, miiiniiiiaieil by th* 

~ '■ torawd abora Uwm. tranitanDad by tbe taparaUos of Ibtb nor* nialilt 




CaRBOK and the RYDROClBBONa 
now utilised everywhere as the principal material for beating steam 



coiDpoj»Dt pnrts {p«&t and Hgnitea, ovcd 
aitrogen, CArbonio ukhydiLde, uid outflh i:; 
BUI, bUck, with IB <^j at glko; iDstie, 



m eoaL Coal it ■ deme liomogSDeoai 
n nnlj dull witbonl wy siidut Tego- 
iftbifl iLructim ; uub tiHtin^DjBiieH it m ippfuUKPC^ from iht mAJorlty of li^iCei. Tha 
dciuitj o( oo«l (not Mnuting tlie idmiitBn of pjrim, Ac.) nriea liom I'lS (dr; bltii- 
minoDi ooftll lo I'A (uithrkcite. fluaeUu), uid »4«a teaohei I't^ Ln the very draie Tuiety 
ol coil [oBDd in Iho OloDelilcy goTemnenl (Mnned thtmgite), which according lo the 
InvHtigatioiii of Prolftiior luoMruiticfl nuy bty regarded m the fiitninfl membflr of (ho 

In order lo (ipUin the lormUion of cetl from vegetabJe Riitler, C«gni&td da la Tom 
•fidoevd piao«i of dried wood Id * tube and faeatfd ihvni lo the bolting point of mtTmry, 

«][c«adiiig1y like coal aeparated- 



lafb 01 






charcoal InciunpLitaly I 

e probai>!y the decompoaitit 






at the ■ 



idbyD. 



lolw 



o*l«, 



iking; precisely ai ire find with the 
eiperiraenta with wood dried at isa°, 
lig way, a gas, an aqueoai liqaor. and ■ 

ind higher a homogeneooa maie like coal ta lormed 
vitiea. At tOO' the rsIidDe reiemblei anthracite. 



either 



ought 



I many aoaljaes, dlategatding the ruh, 
I : S4 partH of carbon. 6 parte of hydrogen. 1 pert ol eitrogen. B porta of 
oiygan,S of anlphur. Theqnaatity of eahiaonenerera^ft p.e,.but therenrecoalawhich 
eontein a larger (loantlty, and natorally they an not ao ad*ant«geDna for nae ai fneL 
The amount of water doea not Dtnaliy exceed more tliaD 10 p.c. The a>i(Araeir«i torm 
■ remarkable leriety of coala. iliey do not giTo any volatile prodaeii. or bnt a very email 
■noiiiit. aa iJuy contain but little hydrogen compared to oxygen. In llie avenge com- 
poaitioD of coal we aa* that for E parte of hydrogen there were 8 pertu of oiygenl 
therefore 4 parte by weight of the hydrogen are capable ot forming hydmracbona, becaoie 
1 part of hydrogen ia neceaaary in order to form water with Uie 8 parla ol oiygmi. Theee 
4 parte bj weight of hydrogen can convert 18 parta of cerbon into volatile producte. 
becuiae 1 part of byinigim by weight in theee anbataj>cea corabinea with !a patla ol 
carbon. The anthiacilae diflor euenUally ham tbii: neglecting the ath, (heir anrage 
(onpaaitloii ia aa followa: tl4 parte ot carbon, ■ ol hydrogen, end 8 ol oxygen and 
nitrogen. According to the analyaea ol A. A, Voakreaeniky. the Grouaheflaky anlhracito 
{Dob diatrict) containa; C'^eS'S, H'll-I, aahaj'g. Thenfare the anihracitea eontain 
but little hydrogen capable of combining with the carbon to folm hydroearbona whieh 
bum with a (lame. Anthnoilea are the oldeit forma of coal. The neweat and leaat Iraoa- 
lormad coala, which reaambla aome ot the brown varietiea, are the dry eoali. They bum 
<rith a flame like wood, and leave a coke having the eppearanee of lompa ol coal, hall 
their component parti being abaorbed fay the dame {they Gontiun much hydrogen and 
oiygen). The remaining varietiea of ooal (gsa coal, amithy coal, coking, and anUirncltel 
Bocor^ing to Orllner in all reepecta lorm connecting linka between the dry coala and 
the antbracitee. The» coala bnm with a very smoky flame, and on being heated leave 
coHe. which bean the aame relation to coal that charcoal doea to wood. The quantity and 
^^nality of coke vary oonbiderably with the different aorta of «>el from which it ia 
lonnad. In practice coala are moat often diatingniahed by the properties and qnantity 
of the coke which they give. In thia partlcnlar the ao-called bituminooi coala are 
•apeclally valaabl^ aa even the alack of thia hind givee on dry distillation large apongy 
naaeaa of coke. If large pleeea ol theae khida of coal are aubjected to dry di&tillatien, 
Oay, a* it were, molt. Sow together, and form caking maisea of coke. The beat coking 
e. of denaa caking coke. Snch co»l la very valuable for qiatallorgical 



bmlers. Mid tn general tor »S1 ] 



', uid bonuoC'^ 



ttonui pOBiMicB nwnj very ridi coalfietiK &iDon^ vtuch tbe Doneta 
dbtrict ii most wortby of remark.* 

During the imperfect combottion of voUtQe rabetS[R:«s coatMning 

purpoHa (mKoMS). BMidMCDkc. Ihadrydiatitklioiioleo*] i«>diiB» fu <•» iDtkai, 
lUmDib^ting g*4i p. Ml). coal-Ur (vhidi giT« beoieae. c*rt»lie uod, lupfaUuka*. la* 
for vtJfi<Jkl aapfaAll, Ac-) u^ t^ta ka Kqnmu k]laU&« bqwjr (irftli irood tod hfoikoa 
tha Uqnid ii uid from meetic hcid) which amtuu uAtanuom eubon&M (ha NbM t^. 

I la Englud is ISSO ihc ontpnl at owl iru m* oiBch u M Bullion Ktni, ud in UUsr 
js*n il bu riwn to aboat lift mOliiHu. Bc«^* Ihli dUui coonUic* oootaibata tOO 
Billioiw— RoHiit ilnDt e milliont. Hw (Jailed St«t« ol Amansk come »lt to En^and 
with an ootpnt ol 100 mOlion %aau, Uum G«Biiaaj M millioiia ; Ftaoca piodiKea taft 
litUe (8S miUioDi), and Cakea aboal ■ millioB toea iRHn Eaclaiid. Thoa tlia mrU aaa> 
nmea (boot UO millioD ton* of roal jaailT. B i ai d » bmaahold pupoata, «s*l la 
chieflj u*»d H [uel [<n ■tsam-infElDH. Aa aratTheew potg(-7> kflogmameWai pv 
aacDod; of a rteani-aiguie npcndi cm th* amacs mon ttus U kilofmBa tai U hsoi^ 
or in ■ jeu [counting itapftgf] not Icaa Ihan S toaa par bcna-pomt. aod ttwi an aot 
leu than 10 millian boiK-power at wotk ia the vorid, th« RnuomplioB ol «al to 
DotiTs-powcT ii at l«aa( eqtia) to halt Iba vbola ivodecliaD, For Ihia laaaan aoal 
aarraa u a crilariOD of tha indnatnal dc*vlapinant ol a country. Abont IB p^c ol 
coal B Died toe the ouutiilactnia ol caat iroB, naught inn, ttMl. and uticUa ntid* o< 

* The principal soal bedi ol Rnaaia nndar eipbitalion are : The I>on baain (tM 
DillioD pood* pat aBBora, ta poodad ton), tha Polish baain (DumbnTn and otban 
190 million poodi pn annam), tha Toola and Riacao beda ot the Uoacow baain (up to 
U miUioD poodt), tba Deal baain (10 taillios poodi), tbe Caacaaiac [Kvfbosl. utar SnUieh 
Uh Khirjhia ilappea, the tmith; ooal bann (Oot. ol Tomak), the Sahalina, An. Tba 
Poli^ and Hoaooir baaina do not giTe an; «kiag coalt, Tha pceasnee ol ararj TfiMf I 
of coal (Irom (be di7 coal oeu Lieicbanik os tbe Doneti id the antbncitaa ol tha i 
antin aonth-eaet baeia), Iba gnat abundance ol eieellnt maiallDigical coal (cokiDg, aw ' 
(tola S) Id tfa* weatam part oF tha baain, iti nat eilflnl (aa macb ai 11,000 aq. Tanta), 
Iha pToiimily ol the aeama to tha nulaea (the ahatia are noir Itodi SO to 100 faOama 
deep, and lo EngUod asd Belgiom aa deep ai £00 lalhaini), the leililitT el U>» tcO 
(black earth), the proiiinitr ol the Ma (about 100 venti bom tbe Sea of Aioin and of 
Iba riTBra Dooeti, Don, and Dneiper, the moat ^ondact aeami ol eicelienl inn era 
(Keteaa Mogila, Eri'oj Bog, Soolin, As., &e.}, eoppar ore, Diemu7 on (oeai NitdtoTlia, 
Id Iba fiakhmontb diitiiot ol tba Ekaterinaalar Oct.). and other ore*, the rieheal 
ptobably in the *bole imli, lb* b«di ot RKk^aalt (oeat the ilatiooi ol tbe SlODpka and 
Brianaorka) the aieellenl clay ot all bindi fchlna. flre-clay], gypaooi, aUta. landtloDa, 
ftnd olbar utalli ef Iki Don eoai haiin, giie complete aaaorasM ol tbi lacl that vilh 
Iha (rswth ot indottrial actiTitf in Boiaia thil bawitifBl land ol Iba Coaiacka and H«r 
Boaaia Kill bacoma the c«dI» at the moat extenaiTe piodDctiia antarpriaa. not E 
tbe reqalrflnenti of Boaaia aJoiie,'bQl ol the whole world, becaoM in DO other place ci 
ba tonnd aach a conuntntion of laTonnble oondltioDa, Tbe growth of antarpriaa ai 
tnowledga, logatbar with lbs eitinelioo ot the toreale whinb cuDpela Bnau* ia foiter I 
Iba ptodoctioD ol ooal, will help lo bring about thia deairad reiolt. England witb » ' 
vbola fleet of maieluiot Tcaatli eiporta aruoall; abool is miUipn torn ol coal, the prioa i 
•el which i> higher Ihan ^n the Doneti (where a pond ol wothe^ coal coata laea than > | 
*Bop*eki on tb* aran(a), wbete authncitea and aenu>aiilh»ciUa |libe Cardid or at 

bona withont amoke) and coking and metalloigical coali are able bolb in 

id quality to eatlifj tbe moat taatidiaua rai|uinmeDt* of the indoeti; alnadj 

f and rapidly IncNuieg eTerywbeie. The coal minn of England and Balgiom 

" 9( a fUta of eibaDaUon. vhilit In Ihoie ol tbe Don baun, only at a depth 

a, 1,100,000 miUioD pondi ot coal lie waiting to be aotked. 
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CARBON AND THE HYDROCARBONS 



mrbon and hydrogen, the hydrogen ftnd part of the carbon first bom, 
ftnd the remainder of the carbon forms aoot. Tar, pitch, and aimilar 
nbatances for this reason bnrn with a anoky flama Thus toot is 
finel J -divided charcoal separated during the Imperfect combustioit of 
the Tspoura and gaies of carbonaceoua substances rich in carbon. 
BpeciaUjr-prepared aoot (lampblack) is very largely used as a black 
paint and a large quantity goes for the manufactore ot piinters' ink. 
It is prepared by burning tar, oil, natural gas, naphtha, Stc. Tho 
quantity of organic matter remaining undecomposed in the charcoal 
depends on the teraperatare to which it has been submitted. Charcoal 
prepared at the lowest temperature still contains a considerable 
quantity of hydrogen and oxygen— even as muvh aa i p.c. of hydrogen 
and 20 p.c, of oiygen. Bach charcoal still preserves the structure of 
the substance from which it was obtained. Ordinary charcoal, for 
instanco, in which the stmcturo of the tree is stilt visible, is ot this 
kind. On submitting it to further heating, a fresh quantity of 
hydrogen with carbon and oxygen (in the form ot gases or volatile 
matter) may be separated, and the purest charcoal will be obtained on 
submitting it to the greatest heat.* If it be required to prepare pure 
charcoal from soot it is necessary first to vroah it with alcohol and 
ether in order to remove the soluble tarry products, and then submit 
it to a powerful heat to drive 00" the impurities containing hydrogen 
and oxygen. Charcoal however when completely purihed does not 
change in appearance. Its porosity,'" bad conducting power for heat, 
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SOO kitogruDi. Uuiy ol the propeiiuB o! charcoa] wliicli depend oictoiirelj on its 
poioiilj IPS >li«rod by midy oUier poroui mbaUncee, imd vwy irilh tlio deniity ol Iba 
cbuCDBl ud depend on the way H wu prepared. The property wliich sbucoal hu ol 
abuirtdn^ gue>, Ijqaidi, und m*ny eabhtuicsi in aolntioD, ii a cue tn poinL The 
denieal liiad ot ohucotJ <ji (ornwd by tha KtioD d( great heat on ■ogu' iBll otlwr huible 
■nbgtuicM. The Initrana grey dense ooke formed in gaa relorta it du ol thiiolunctec. 
Tbia demo coke collocl* on the inleinal walls ol the rebirta labjected to gnat heat, 
»jid it produced by the vapoun and gaiai'Hpaiated tnuD th« heated ooal in the retcrta. 
Id virtne ot Ha denaily aat^ coke becomoa a good eondoctor of the galvanic cnrrent 
and approBcbsa graphite. It ia principally need id galvanic batleriei. Coke, or the char. 
coal nRiaimng from the Impeifecit ODmboition ol ooal and tarry aabstaDeea, ia alao but 
sbghlly poTOQB, briUiant, doea Dot toil or mark paper, ia denae. almoat deroid of the 
faeolty of retaining hqaidi and ao!ida, and doea not absorb gaaet. The light aorta ot 
chnrcoal produced from charred nood, on Uie other hand, «hci> this aI)wi|Aiie povei it, 
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^llliJblarMir pf v*mf9. fh\$t, 9ytf'M, rt/^nn (ntf*/.t4, mwI T«nf«ukl« and ctker ftcla- 
MM M* #N*f*4 MrfMi^ A>»^A/<*t i* /^4«f u, pnr.lj tb«iB. Tb4 kU*chIr.g pcver of 

riif ffWf ftp* 4Mt«4 hrf M^ irftrkM* ''^fl/Ayr*^ vJqt*//D%-<«Qith M ft&;lin« djes, btmaa, 
Vht m fmh i^hk-h M* alMf«i^Y^ r/rw* MtmUkntj, u> aator^t^o U itill c*pftble of 
ihMllHIg MffclilO l4li*f wi M wi^*^. Anlnyftl ^.hM^/wil, ifr'^acAr] io a very finely-dirided 

e4l|(Mliftf Vf ^t^tMn^ UthM^t tnaktm ih* U«t •//ri f^/r t)i« i)!!!^!*^ of aUorption. 
^ mtfmif l« ffM Ifi IMK* i|iiMtrii«« IM wfftr work* f//r filtering sympt and aU 
i'^vM'vNti Hfe Ar4*r l«i jfttrMf lh«m, n/d r/rtly from eoloohng and odoroot 
M ■tof hnm IM Mm* wti t«>li U miiVl wUh Ui# •jrapa in order io render them leat 



4llfhNI MIlMl. TImi alfWrr|A)«fi 'if lime hy anim*] charcod deponda, in all 
iNllMlMf f l» • fffM iwrM "n IIm mlMral imptmmni pMlt of bone charcoaL 

H MhMmI Iff • »»fy Ini4 MmAmmUtf M he«l, and therefore forma an ezoelleni 

Hm « (MlMfHI In yftvwil Ilia If anamlaeloii fif hmi. A chardod Uning ia often need 

gifcl W fci i tlm nMiy MlMlMiMti M lldow DotiMit and FMiaU » f^ gzMUr 
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and at an ordinary temperature doa not eotnhine u-ie7i anytlnng ; it 
is «Q inactive substaacB, lite nitrogen.'* But these properties of 
cttarcoal change with a rUe of temperature ; thus, unlike nitrogen, 
eharco&l, at a high temperature, combines directly with oxygen. 
This is well known, as charcoal burns in air. Indeed, not only does 
oxygen comiiW vyitU c/iarroat at a red heat, but sulphur, hydrogen, 
silicon, and also iron and some other metals '*"'• do so at i very 
high temperature— that is, when the molecules of the charcoal have- 
reached a state oE great instability — whilst at ordinary temperaturea 
neither oxygen, sulphur, nor metals act on charcoal in any way. 
When burning in oxygen, charcoal forms carbonic anhydride, CO,, 
whilst in the vapours of sulphur, carbon bisulphide, CS„ is formed, 
and wrought iron, when acted on by carbon, becomes cast iron. 
At the great heat obtained by passing the galvaoto current through 
car1«n electrodes, charcoal combines with hydrogen, forming acetylene, 
C,H,. Charcoal does not combine directly with nitrogen, but in the-, 
presence of metals and allcatine oxides, nitrogen is absorbed, forming 
a tnetallia cyanide, as, for instance, potassium cyanide, KCN. 
From these few direct combinations which charcoal h capable of 
entering into, may be derived those numerous carbonaceous compounds 
which eater into the composition of plants and animals, and can be thus 
obtained artificially. Certain substances containing oxygen give up a 

■> Tbs Dnkltenbility of chucoal imdsr the ulioQ ot Itmoipheria agenciei. wluch 
prodDu chsngu in tbe majoiily ol alaaj and metiDic anbBUnces. ii olleo made use oT 
in pTulice. For enniplc. cbunwl i* Ireqaentlj ■tTBWii in boundiirT ditchti. The 
■DrfiLce of irood Li Dftfla chAired to landdi it dorable in blioie pIhiob wharo th« uil ift 
dunp u>d wood rt»II nodld soon n>b. Thi chumtHn (or id Bome oorkg Umen) thrasgh 

oontKt with giu«i or liqDidi, ue Qllod wHU cIibccohI or coke, bacaaB« at otdintry tem- 

• Hb^iiudds [Ism iiaconna tbit cwbop i> CMftbla ol combining witli tlie bUuU 
A to fx. uialgiai of tbe ideUIb w» hmtBd to ■ red bwt viib chsrcoiil powder 
in ft BtreuQ ol hjdiogBD. TUe compovnde sn obtitined pouaeBed, nttw tbe mercDt^ liBd 
b«n diiTeD oS, the campoutione BsCg. 8tC» CaC^ AU IheBe eompoand* nK( BtiUi 
*ater (onnlng scctTtoae, toi etBni;>lg : 

B»C, +aHiO = CjHj-f B*(OH)r 

UsqaenBa propoBai tbe bwiom Ckrbide u > Kiuroe ol *cet;Iene. Ho obtdned Ihia 
vompoDud bj beating corbobatfl of baTiiiia, mftgncfliam powder, and tetoH cubon in % 
PerreDQ fDfaa«e (BaCOj * SUg+ O ^ BHgO -f BaC,). One liandnd gnmi uf BaC,eT0lv9 
C,30a tt> 5,100 ex. of uctjleno. mined with ubout S-S p.c. of hrdcogen. 

Tht< Klution ol acetylene, C,Hi, to IbeBO metallic carbides ia evident from tbe tscb 
that IheBe metals (Ca, St. Ba) replace 3 atoms ol hydrogen, and thorerore C^Ba cone- 
tponds Co C,B,, BO tbal tbey mny be regarded is metallic dcriiatlvBs a 
Uoiuan (18SS) obtained similar cnbides directly trom tbe oiidet by Bubjoct 
Iheaotioa of the voltaic art, in the proBence ol carbon, (or imtance, BaO + 8C - CO t C,Ba. 
althoDgh kt a turasM heat carbon baa do Ktion oa Uw oiidei C*0, BaO, 8rO. Con- 
conlag AJtOi, •« Chaptn XVU. Note «s. 
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part of it to oharooal at a relatively low temperature. For inttaaoei 
nitric aoid wlien boiled with charcoal gives carbonic anhydride and 
nitric peroxide. Salphurio acid ia reduced to ttilpharoiis anhydride 
when heated with carbon. When heated to redness charcoal ab* 
•orbs oxygen from a large number of the oxides. Even such oxides 
as those of sodium and potassium, when heated to redness, yield their 
oxygen to charcoal although they do not part with it to hydrogen. 
Only a few of the oxides, like silica (oxide of silicon) and lime (calcium 
oxide) resist the reducing action of charcoal Charcoal is capable of 
changing its physical condition without undergoing any alteration in 
its essential chemical properties— that is, it passes into %$omerie or att<h 
ir^pie/omu. The two other particular forms in which carbon appears 
are the diamond and graphite. The identity of composition of these with 
charcoal is proved by burning an equal quantity of all three separately 
in oxygen (at a very high temperature), when each gives the same 
quantity of carbonic anhydride— namely, 12 parts of charcoal, diamond, 
or gn^ite in a pure state, yield on burning 44 parte by weight of 
oarbonic anhydride. The physical properties present a marked con- 
trast ; the densest sorts of charcoal have a density of only 1*9, whilst 
the density of graphite is about 2-3, and that of the diamond 3*5. A 
great many other properties depend on the density, for instance com- 
bustibility. The Hghter charcoal is, the more easily it bums ; graphite 
bums with considerable difficulty even in oxygen, and the diamond 
bums only in oxygen and at a very high temperature. On burning, 
charcoal, the diamond, and graphite develop different quantities of heaL 
One part by weight of wood charcoal converted by buming into 
oarbonic anhydride develops 8,080 heat units ; dense charcoal separated 
in gas retorts develops 8,050 heat units ; natural graphite, 7,800 heat 
units ; and the diamond 7,770. The greater the density the less the 
heat evolved by the combustion of the carbon.'* 

By means of intense heat charcoal may be transformed into 
graphite. If a charcoal rod 4 mm. in diameter and 5 mm. long be enclosed 
in an exhausted receiver and the current from 600 Bunsen's elementSi 
placed in parallel series of 100, be passed through it, the cbansoal 

u When sabjeded to pnttara, oharooal 1om« heat, henoe the densest form stands lo 
the less dense m a solid to * liquid, or as a compoond to an element. From this ths 
oonclosion may be drawn that the moleoales oC graphite are more oomplex than thoas 
cf ehareoal, and tiiose of the diamond still more so. The specific heat shows the same 
wiatkn, and as we phaU see further on, the increased complexity of a molecule lead* to a 
dfaninntion of the specific heat. At ordinary temperatures the specific heat of charcoal ia 
OM, graphite 0^, the diamond 0*147. For retort carbon Le Chatelier (1898) found thai 
Hm product of the sp. beat and atomic weight varies, between 0<* and 860<>, according lo 
Ike toRBvla: -l-ra-t-0<N)77f, and between %W and 10OQ9, -SM-fCOOMM {m 
irXIY.Nolei). 
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neeomes Btrougly ineandeBcent, p&rtiaily volatitJHes, and ia deposited in 
iLe form of graphite. If Bngar be placed in a charcoal crucible aad 
A powerful galvanic curreut passed through ct, it la baked iato a tnaaa 
limilar to graphite. If charcoal be nixed with wrought iron aud 
heated, cast iron is formed, which contains as much as five per cent, ol 
charcoal If molten cast iroo be suddenly chilled, the carbon romaina 
in combination with the iron, forming bo called white cast iron ; but if 
the cooling proceeds slowly, the greater part of the carbon seporatea 
in the form of graphite, and if such cast iroa (so called grej caal 
iron) be dissolved in acid, the carbon remains in the form of graphite. 
Graphite is met with in nature, sometimes in the form of large com- 
pact masses, sotnetimes permeating rocky formations like the scfaisfal 
or slates, and in fact is met with in those places which, in all proba- 
bility, have been subjected to the action of subterranean heat.'* llie 
graphite in cast iron, and sometimes also natural graphite, oocasionailj 
appears in a crystalline form in the shape of six-sided plates, but more 
often it occurs as a compact amorphous mass having the characteristic 
properties of the famUiar black-lead pencil." 

The diamond is a crystalline and transparent form of carbon. It is 

^ ' TberQ kTA pUcAi where ADthnail^ grbla^y cbaDg«s iato gnph^to aa tho Blrftla 
■ink, I mjHlI had the oppnrtnnity d1 obMrring tbii gndiul Irumlonzution la bha 
nllf J ot AoiU. 

'* FflBciU Kn Butts of gnphito worked Dp into ■ homogetieiiBs mua by diiinUgn. 
ling, powderiDg, ud cluoBing il tma «uthy impotitics ; ths beet kinda ore nude ol 
completelf bomogeaeooi grtphita uwn Dfi into the reqniiita itii^ks. Oniphile ii fonnd 
JD mui J plaooB. In Bnuiit the ■o-called AJibeEoffeky (ophite is particulul^ Known^ ; 
Itia [aiuid in tha Altai mountaina noai lh« Chinese trDOtier; in tniuij placei in Finland 
•nd Uksniaa od the bajiks ol the Little Tuogcnska, Sidacofl aLu> found a canaiderabls 
quantity of graphite When miied willi cltj. graphite ia OKQd for making crucJblea and 
pota for melting metala. 

Graphite, like moat forma at fharccal, etiU containa a certain qoantiCy of h^drogoa, 
oxygBD, aod aab, bo that in ita DatDral atale it doea not contain more than 98 p.c ol 

In piKtice, graphite ia purified simply bj iraahing it when In > flnelj-grailDd itate, 
bj which meana the bulk of the earthy matter may be lepaiftted. The following procean, 
pTDpoud by BrodiB, conaiala in mljiiog the powdered graphite with ^ part of ita weight 
of potnaaiam ohloiate. The miitm^ is then heated with twice ita weight of atrong 
inlpboriD acid onlil no more odoriferona gaaea are emitted ; on GooJing, the mittnre ia 
thrown into water and waahed ; the graphite ia Hum dried and beated to a red heat ; 
alter thia it ahriokB conaidecably in voltiiiu and fonnB ■ leiy Sne powder, whiah Is 
then wuhed. By acting on griphite BereraJ timea with a miiturs of potusinm chlorate 
and nilrio aoid heated op to 00°, Brodie Iranaformed it into a yellow intolablo acid 
■ubalejiu which ha called graphitie acid, CnH^Oj. The diamond lemainB unchanged 
whev anbjeoied to thia treatment, whilat amorpbona charcoal ia completely oiidiaed. 
Availing hiiSBall otOiii pOBBibilityof diitinguiahing graphite from the diamond or amor- 
phous ubaroeal, Berthelot ahowed that wheo eompounda of carbon and hydngen are 
dammposed by heat, amorphont eb*ire«l i* mainly formed, whilat when eompoiinds ol 
ith Bhlorine, anlphni, and boron are deeompowd, gra[ddl« ia prindpallj 
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bt rare oocnmnce in natara, aoA ia fonod Id the allnvi«t defW^ti cC 
^be dUmond mi an of Brazil, IndU, South Africa, &c It bMabo been, 
loond in ttieteocit^s.""' It cryBtallises in octabsdn, dodecabedm, 
pnbes, and other forms of the regular ajBtem." The efforts which bftv»- 
been mode to produce diamond* artificittlly, sJtfaoajjb thej have not been 
fniitteu, have not ae jet led to the production of large-iiud cryttali, 
because thoee means by which CTjst&ts are generally formed are in- 
applicable to carbon. Indeed, carbon in all it« forma being JDHOlnbla 
and infusible doe» not pass Into a liquid condition by meant of wbicfa 
eryitallisation could take piftce. Diamonds have several tiroM been 
BODoessfnlly produced in the shape of minut« crystals having tii* 
appearance of a black powder, but when viewed under the microsoopv 
appearing Iraniparent, artd possessing that hordnesB which is ths 
peculiar characteristic of the diamond. This diamond powder it d»- 
potited on the negative electrode, when a veak galvanic current it 
passed through liquid chloride of carbon. '* "" 

MoitsBD (Paris, 1S03) produced diamonds artificially by means o( 
the high temperature attained in the electrical famace " by distolviay 

11 ui Diuimiuli ure [uuud la k pcrLkulv denM mcli, known by Uie ntm* o( 

lUcDlamnita. and ue dug out ol tha dtbrit prodaufd bf the dotnieUoB of the 

lUcalumnlta by ■•(or. Whsn the dibrit t* wubed Uia diMDonda remcUi behind ; Ihiy 

an iniiulpiUy found In Bruil. In lbs pminui ol Bio ud Bihii. 4nd U tbg oipt <( 

I Om4 ttopk ^w dibfit Kt'BB the black or amorphoDH diunond, urbooibdo, and Iha 

7 ailDiirleH « jrellow IruelDOeal diunond, Ai the diunond [ ansy 

I cMt>^, Ih* atM opention eonilite in stilittiag It, ud ttun rongblr ud tlnsly 
■g <t with dlunoDd pomdet. It li t«t nnurkable Uut Profcuori P. A. lAtahfaMfl 
Md ETof««ll tcnuid (IWil diunond powder in ■ matooric •loua ttliich loll is tha Ostm» 
BMit kI Pann, tn tha diatrlat of Krunodabodili. nav Uia HtUanast oI Botd Onl 
(Bapt. 10, ISM)- Vt to till* timo chucsal and graphite <■ apKial tuMj. difhmila) Itti 
bean found In nietooritei and the diiinond anl; coojaolored to oocnr Iherciii. ThaNoie 
CmI RHrtvorite I'M eompoted ol liticcoDa mattai wid mataliic Iroa (iiitb dhsM) like 
■1BB]> o(hn mtteoritaa. 

>• Ulamnndj are •omelioiei lonnd in the (hape ol amall balli, and la that eaai U la 
tapovilUa la eM than baeaoMt diraotljr tha anrfaea ia groQBd or broken tbflji (all inia 
■tlinia pla m . Bomeliinai minalc diunond orr>t*li fora a donia miai like (ugu, uA 
lUa li (aoaiaU]' radgsed to diamond powdac and oaad lor grindkig. Soma knows 
nnalin ol tha diamond are almoat opai]Da and ol a bUek ealonr. Soch diamonda ws 
aa bard aa tha otdiuar; one*, and ara Died for poliriung diamocida and sUiar piaujln* 
Aoeaa, and alto tor rock boring and lanntUing- 

■••H Uanntj, in IBSO. obtainad diamonda by heating a niilnre of hraTjr liquid 
bjdioearbona (paraffin irili) with magnaiiiua In • (hick iron tabe. Thi> uiTaatigalisa, 
Iwvairr. a'aa not rapialad. 

" Tba tUetriccl /umaet li an InTanlion ol ment limah and eirei tha powbUlIf ol 
ghaWnc a taapantura ol S.Mtr', wbieb ia not only not obtvnable in ordinary faraanB, 
W (Tan 1b tha oiyhydiugan flame, irhoaa IrnDperalare doei not eioeed 3.000°. The alM- 
a, laid 
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CABBON AHD THE BVOROCARBOMS 

Cftrbon in molten eait iron, and allowing the solutioo with an 
excess of carbon, to cool under the powerfal presaure exerted bj 
rapidly cooling the metal." '■'■ K. Cbroustch off attained the same end 
by laeana of silver, which dissolves carbon to the extent of 6 p.c. 



bctnixD tha fluboD Bleotrodei, i.i. Id tbe vDltiio uc) b^cotoa Hi(t ud arriUlliH on 
COflllDg. At B.000° lids bcoomet lAry Suid, nsUllio alduin putiiJly HpuitH 
ODl uid a cuboD compoond. whidh remUDB UquEd for & long tirilA. Al this lara- 
psnlor* aiide o! uiuumn ii »da«eil lo the gn|»ilda ud metal, lirwDit ud rock 
orTttal rme ud partitU; (Dlililiu, u kLu dees uluiiiuia: pUtlnum, gold, ud even 
Eu-bon diBtinctly <ioIstiUBa : the Eujorit; of ths metoli form ucbidei. At luch t tem- 
penlura alio cut inn uid carbon giro graphite, while aooording to Boqiuaa, bet«««a 
1,000° ud 8.000° Ike diamoDd pua« Into gtapbita and «iaverssl7 graphite into Uia 
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" >>>• Uoiiaan flnt loTeiligated the lolnti 
lormutiou ot tbe csrbidn) Htiah >■ magDeBliia 
aruiam, BiWer. platLnam, ud siUcon. At tha 
o1 tbo diamond tn meteorio iron, admitted thi 
doDt upon thfi inflaence of iron and aulphDr. With thi« object, that 
diamond, Friedel canted iniphDr to react npoo eajoplea oF caet iron ric 
doBodreaul at a maiimnm tempontareotSOO^.uidiflecdiiBolTiDg tht 



letaTa (ud the 



ilphide of in 
I. ha obtained a small qoutit} ot a black powder which v 
diamond. Hoiuu'i aipariRuinti (189II) were more luocseafal. piobabl;^ owing to hif- 
ha'iing emplQ^ed tbe electrifal Inrnaca. II iron ba satoraldd with cubeD at a tem- 
pentuTD belweon 1,100° ud B,DOO°, thoD at 1,100°-! .SOO" a miitiue of amorphoai. 
carbon and graphite ia formed. whQe at S,000° grapbita alone ia obtaiixed in reiy' 
beantitnl cirslala. Thna under tbeae coodiiiona the diamond is not (ormed. and it ua 
onlj be obtained il the high temperature be aided bj powerful preuures. For thitf 
pnTpOHi UoiaiaD taak adrutage of the preunra {noduced iu the paiaage ot a ffiiu ot' 
molten ceat iron from ■ liqnid into s lolid atata. He first melted lSO-300 giame ol Iron 
(n Iho etectrieal f onuice, and qoicktjr tntroduoad a cytlnder of carbon into the mollen 
Itod. He then remoied tbe emoibla with the moltnn iron from tha furnace ud plunged 
it hits a merrolr containiatl water. Aftar treating with boiling hydrochloric acid, three 

tapidi : (3) carbon of a chsatont ccloor in very dno twiited threadt, allowing that it had 
been anbiectod to a vary high pieHUre <a limilar narlol)' wee met with in varioua 
umplaB of the Canon Diabolo), and lutly (8) an iDconiiderabla qoanlily of aa 
«icc«ding donae raaH which waa tread from the admiilure of the lighter modiflcatiana 
by treatment with aqua regiat autphaiic and hydrofluoric acidsi, and from which Moiaaan, 
by mcana of liquid bromeform (>p, gi, 3-H»), succeeded in aaparaluig aome amall piecei, 
haring a greater denaity thau bromoform, which Bcralched the nbj and had the 
properties ot the diamond. Some of Iheae pieoea were black, otben were truiparenb 
and refracted light atrongly. The dark grey lint of the former reaembled that of tha 
black diuionda |carbonado|. Their deaiitf waa between 8 and S 3. Tha truiparanl 

enielope of carbon. At 1,050° tbey did not burn entirely in ■ currant ol air, eo that tha 
Imperfectly burnt particli 
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carMd* of .-klriom in tk» ihWiJr t 

kit UwM ininti^lan « 
wkkh bar^t isto CO^ >">4 t 
in the fcfni . f » 

Jod^ncfrvoi the bet ikttlcntaBlanMk number of gaseous bodin 
(c»rb«ik V ■(;,!(•. mrtoafc u^jAvK ■ a tt a n e, etbylene, Meijfenc, Ac.) 
wid <alkt):>' lulituuM (far vnapK VUT birdK>nr}x>t.i utd tbeir 
most nupl.' .lprinti*M). ud LiiuiiJtriig llwt the atoinie weight ttt 
cwboiuCc^U'. .rpK«cl«««tfc»to*wtfOpB.N = 14,»ndtliat<ifoj:jgen. 
0-16,iu«1 tluii Ui*<»«po«m4iC»(t»AMik<mde)»ndN,C,(oy»'")een) 
■re g*M«. ii it>AT W kr^iHd tfa*t it csriMB tonned the moleeole C„ like 
N, uid O,, II «->'uU be • gM- Aftd wlhrwi^h polywerisinorthe com- 
biuUon oj Ilk- n,vJeoil»» {•• O, pran into O, or NO, into N,0,> the 
tetupemtunx (■( ebuUttioit and tutiori riM (^hich ia particularly clearly 
proN-ed wit li lie hydroewboai of the C,H^ teries), it ought to be con- 
•id^rpd Ih.ti IK' fHaUetJM ^cAonnii/. ^ra^ Ail*, and Oia diamond are 
Vfry (vmpl'.T, Kwing UuU Ihey K« iatolohle, nOQ-volatile, and infusible. 
Tlie itptitudD n-bick the atonw of cwbon aho« for combiiuikg tog«thn- 
anil [nrmi»|t complex uiolocnle* appean in all carbon compoanda 
Amnnjt the vplntilf compouiula of i-»rbon tOBny are well known the 
iDoWulrB of which contain Cj . . . C,o . . . C,a . . . C,^ Ao., is 
gcncTal C,, where n luaj be very large, and in none of the Other eltt- 
mrnts in this fiiculty of compleiity eo developed aa in carbon," Dp 
to (ho proinnl time there are no grounds for determining the digree 
of polymeristn of tho charcoal, graphite, or diamond taoleonlM, and it 
ran only bo supposed thnt they contain C. where n is a large quanUtj. 
Cliiiri'iinl and those complex noa-volatile organic mbetaucea which 
mproscnt tho gradual transitions to charcoal " find form the piinoip*! 

fiiririfil nil tlip •iirliir? unil prevgntvd Iba msUl eipudiog. ud » prodnoed ■ powvtnl 
lirniiaiiiK. A piirtlim of (lis cotbou which *eptnl«> ont andsi UuH.aandiUon* •ihibita 
Iho i.r'>|vili-> ul tho iliamoiid. 

■• Thn eil»<'n»> ,.t • moIeculD B, i> known (up to S00°), tai it muat be held thst thto 
MiciunU tm Ihe lurmuiioa of hydroi^o pefvulphjde, HgBj- Phoiphonj* spp«tn in Iba 
m'<l«.'ula l'( ftnil givi'i r.lli. Wluin eipounding Iha d>U od ipocific beat wa ahall h»T* 
oecMi'u. to lolurn to tho quoation of Ibo compleiil^ of the carbon molecula. 

" Tho hrdrocorbonii pooriu hydrogen ud coDtiuiiiiig sun; atoms of oubon, like 
r)iry--iia and cnrbopotmceoo, &•:., CtUin-m„ are aolidi, and laaa fuaibla u » ud <• 
ir»i;ri-aiM- Thoy prcicnt a marked approach to the propertiei of tho diunood. *«J iq 
pr^.^iition to the diauoDlion of the viter io the carbohjdntei CBkOm— for aiampU 
in U,i- litimic compoandi (Nate f)— the traoaitioD of complex organic asbatanoM to 
• )i«iL',al in vFc; eridcnl. That niidoe memhlinj diarcoal and fnphit« wUofa ia 
•JiUiiii'd by tho ac|«rati(ni (by meuii of copper aulphate and todiDm chlaiida) of iron 
li:.:'. sluts i.iL-'t-iioii i-uatainicg caiboD chemieally combined nilh the iron, tito inula. 
i:'l*':tlly aflor the reaeorcbca of G. A, Zaboodaky.tt 
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CARBON AND THE ffiTlBOCABBONS 

■olid aubstancea of or^uibma, contain a store or oi^cumnliitiOQ of 
internal power in the form ot the energy binding the atoms into complex 
molecnlefl. When charcoal or complex compounds of carbon bum, tho 
energy of the carbon and oxygen is turned into heat, and this fact i« 
token advantage of at every turn tor the generation of heat from fuel." 
No other two elements are capablo of combining together in 
•uch variety as carbon and hydrogen, The hydrooarboaa of the 
C,H,„ series in many cases differ widely from each other, although 
they have some properties in common. All hydrocarbons, whether 
gaaeous, liquid or solid, are combustible substances sparingly soluble or 
insoloble in water. The liquefied gaseous hydrocarbons, aa well as those 
which are liquid at ordinary temperatures, aud those solid hydrocarbons 
which have been liqaefied by fusion, have the appearance and property 
of oily liquors, more or less viscid, or fluid." The Bolid bydrocarbona 
more or less resemble wax m their properties, although ordinary oils 

C^H^. The eride&Taan wbich hare hteo lUracled tawudt datermuiiog ths nuuiure 
of cgmpleiitj ot thn molcculei ul chnrcoil, gtiplulfi, wd ths diunood wU] prDboblj M 
■oma period lead to tfan Bolulioii el tliia prablein uid will idimI likely pme tlut Ili4 
Tuioui tomi* ol chircott, gnphile, uid Ihe diwnood eeaUIa nelMulu ol diSecetit and 
■err oouidenble compleiit;. The coDiiucy ot Ihe gTosping ol banuoe, CgH(, uid tba 
vide diffuBioD hoA f&cility oi formetion ot the corbohf dr&tee coDloinuig Cf (for f kuapk^ 
cellelou, CaHigOg, glucoH, C,Ui,0,) ^ve reuon tor thinkiug that the gtoop Cg I) the 
flnt $JiA limpLeflt of ihrtt^ potaible to Free carbon, taA j( ou; be hoped (bat Bome time 
or otiier il m&j be pouible to get cjuhou Id this foria. Ferlupfl In the diaiQQad thero 
ma; be toaod such u talKlioD between the ktoms aa in the benunc group, and in charooa) 
VDcb aA in carbohf dratea. 

" When ctaKoal buma. the coinplei molecule C (a leBoWcd into the eimplo mole- 
cnlea nCO^ and Uicnfore patt of the heat — probably no irpiJI amconl— ia oiptoded in 
Ihe deitnictioe of the complei molecule Cn. Peihapi by barnlug the moal complex 
•obatancea, which are Ihe poomt a^ tegatda hydrogen, it may be poaaible to fono an 






ooaity, or degree 



naled bf paaking the liqnidi throDgb narrow (capillary) tabea, the 
mobile liqnida pauiag through with greater fafility and speed than the rianld ooet. Tha 
Tfacoaity rariee with the lemperatore and Datoro of the liqoEdi, and id the caH of aohi- 
tiODs elbangei with tfas amonnt oF (he anbatanoe diaiolTed, bat ii not proportional to iL 
80 that, for eiamph, vith alcohol at 90° the Ttwuiity will be 68, and tor a 5i) p.c, aolo- 
tioa IflO, the rlsoosity ot water being taken aa 100, The voluna of tha liquid whlob 
pauBB Uuongb by exporiULent (FoiseuiHe) and theory (Btokea) ia proportional to tho 
tJiDS, the preHme, and the toortfa povsr ot the diameter of the (capillary) tube, and 
iDTenelf propotUotuJ to the longth of Iha tabe ; Uiia rendera it poaiible to tortn com- 
panHie Mtlmataa of the coeStcienta of iDlemal Eriction ud liaooeitf. 

Aa IBe oompleiity ol -the molecotea ot hydrocarbon! and theii- doriratiTca Incieaees 
by the addition of oarhou (or CBi), so doea Uie degree ol nicosity alio riis. The eilaa- 
riVQ aeriea of inTeetigationa referring to Uua lubject itill await the neceaaary generaliaa* 
tion. That oonnectioa which (already partly obaerred) ought to eiiat between ths 
Viicoaity and the other pfayaical and chemkal ptoperliea, loreea Di to oonclude that Ui& 
magnitude of Internal friction playi an Impartanl part Id molecular mechanict. ta 
ioTertigating oigaJiia componnda and •olationt, aimilar reaearchea ought to itand lore- 
BKKt. Hasy abierrationB bare already been made, but not moch haa yet been dona 
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856 PRINCIPLES OF CHEMISTKY 

aod wax generally contain oxygen in addition to carbon and hydrogen, 
bat in relatively tmall proportion. There are aho many hydrocarboiM 
which have the appearance of tar — as, for instance, metacinnamefie and 
gutta-percha. Those liquid hydrocarbons which boil at a high teniperA- 
tore are like oils, and those which have a low boiling point resembla 
ether, whilst the gaseous hydrocarbons in many of their properties are 
akin to hydrogen. All this tends to show that in hydrocarbons physi- 
cally considered the properties of solid non-volatile charcoal are 
strongly modified and hidden, whilst those of the hydrogen predomLnate. 
All hydrocarbons are neutral substances (neither basic nor acid), but 
under certain conditions they enter into peculiar reactions. It haa 
been seen in those hydrogen compounds which have been already con- 
sidered (water, nitric acid, ammonia) that the hydrogen in almost all 
oases enters into reaction, being displaced by metals. The hydrogen of 
the hydrocarbons, it may be said, has no metallic character — that is to 
say, it is not directly ** displaced by metals, even by such as sodium and 
potassium. On the application of more or less heat all hydrocarbons 
decompose *' forming charcoal and hydrogen. The majority of hydro- 
carbons do not combine with the oxygen of the air or oxidise at ordi- 
nary temperatures, but under the action of nitric acid and many other 
oxidising substances most of them undergo oxidation, in which either 
a portion of the hydrogen and carbon is separated, or the oxygen 
enters into combination, or else the elements of hydrogen peroxide enter 
into combination with the hydrocarbon.*^ When heated in air, hydro- 



with ilicm ; the bare facts and nomo mechanical data exist, but their relation to moleonlar 
mechanics has not been cleared up in the requisite degree. It has already been Mea 
from existing data that the viscosity at the temperature of the absolute boiling point 
becomes as small as in gases. 

** In a number of hydrocarbons and their derivatives such a substitution of metala 
for the hydrogen may be attained by indirect means. The property shown by acetylene, 
C«H}, and its analogues, of forming metallic derivatives is in tliis respect particularly 
characteristic. Judging from the fact that carbon is an acid element (that is, gives an 
acid anhydride with oxygen), though comparatively slightly acid (for carbonic acid is 
not at all a strong acid and compounds of chlorine and carbon, even CCL«, are not dccom« 
posed by water as is the case with phosphorus chloride and even silicic chloride and borio 
chloride, although they correspond with acids of but little energy), one might expect to 
find in the hydrogen of hydrocarbons this faculty for being substituted by metals. The 
metallic compounds which correspond with hydrocarbons are known under the name of 
organo>metallio compounds. Such, for instance, is eino ethyl, Zn(Cf 1X5)9, which corre* 
QKmds with ethyl hydride or ethane, CaH^, in which two atoms of hydrogen have been 
•sohanged for one of ainc. 

" Gaseous and volatile hydrocarbons decompose when passed through a heated 
tube. When hydrocarbons are decomposed by heating, the primary products are 
generally other more stable hydrocarbons, among which are acetylene, C9H9, benzene, 
C«H«, naphthalene, CioHe, Ao, 

** Wagner (1888) showed that when onaatorated bydrocarbona are shaken with a 
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Mrbons bum, anil, according to the amooDt of carboo the; contain, 
their oombuEtion is attended more or leei with s eeparation of soot — 
Uut i», findj divided charcoal — which imparta great brillianc; to ths 
flame, and on thia account many at them are used for the parposos of 
{Unmination— as, for instance, kerosene, coal gae, oil of turpecitine. 
Aa hydrocarbons contain reducing elements (that is, those capable of 
combining with oxygen), they often act as reducing agents — as, for 
initanee, when heated with oxide of copper, they bum, forming car- 
bonic anhydride and water, and leave metallic copper. Gerhard t proved 
that all hydrocarbons contain an even number of hydrogen atoms. 
Therefore, the general formula for all hydrocarbons is C,H^ where 
n and m are whole numbers. This Eoct is known as tKe law of tven 
numhert. Hence, the simplest possible bydrocarboM ought to be : 
CH„ CH„ CH4 . . . C,H„ C,H„ C,Ho, CjH, ... but they do not 
all exist, since the quantity o£ H which can combine with a cerhiia 
amount of carbon is limited, as we shall learn directly. 

Some of the hydrocarbons are capable of combination, whilst others 
do not bhow that power. Those which contain less hydrogen belong to 
the former category, and those which, for a given quantity of carbon, 
contain the maximum amount of hydrogen, belong to the latter. The 
composition of those last mentioned is expressed by the general fomulft 
C,H,,.(. These so-called tatwaud hydrocarbon) are incapable of 
combination.'* The hydrocarbona CH^ C,Bg, C,H|o, &c. . . do not 
exist. Those containing the maximum amount of hydrogen will be 
repreee.ited by CHj (n = l.U + 2 = 4), C,Hs (» = 2), CaHa <7. = 3), 
C,H,o> Ac. This may be termed the law 0/ limiti. Placing thid'in 
juxtaposition with the law of even DOmbers, it is easy to perceive that 
the possible hydrocarbons can be ranged in series, the terms of which 
may be expressed by the general formulte C,H„,„ C.H.« C,H,._„ 
&c. . . Those hydrocarbons which belong to any one of the series 



wtk (1 p.c.) lolation of potBHinm pprmanKunalo, KBJnO,, at oraiiury (empentilrei, 
Hw; lonn glyooli— lor timiplt. C,K, yiMu C.^HgOg. 

" Uj artiole od thin mbJKt appoired in Iha Joarn&l of ths 9t. Pctenbnig Acadsn; 
ot Science! in tWl. Up ta Ihit limD, nUhDogh mtsj •dditira c<nnl>iaBtJons with h^dir]. 
oubonv and Iheir dnivatiTVH were Icaown, the j liad aol been genenJlied, Add were ovea 
oonliaaallT qooMd ■■ cue* ot labiitltDtloa. Thai ths eomUnttiaa of etbyleno, C^Bj, 
with chlorine, C],, ni often raguded bi k fonattios of Che prodoiiU of the gubstitoUon 
ot C,H,C1 and HCl, which it >h lappaHd were held logether b> the water ot crTHleJHu- 
UOD i> in ulla. Eyen eirlier th&n thli (ISST. JoutkU of Iht Pilrofiliv Academy) I 
OOBBidflred iioulu' ciutea aa true compoundB, In ^neral, aocordiog to the law of limite. 
Ml lumtarated hydrocarbon, or itt derivative, on combining with rX-^ fint a iubilance 
which IB BBturated or elao ipproAchiag the limit. The invsetigBUcmi of FrankUod 
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expressible by a general formula are said to be homologoui with one 
another. Thus, the hydrocarbons CH4, CtH^, CjH,, O4H10, Ae. « • 
are members of the limiting (saturated) homologous series CLHt«4.t. 
That is, the difference between the members of the series la CH|.** 
Not only the composition but also the properties of the members ol 
a series tend to classification in one group. For instance, the members 
of the series CmH^.^) are not capable of forming additive compounds^ 
whilst those of the series CnH}, are capable of combining with chlorine^ 
sulphuric anhydride, &c. ; and the members of the C.H|«^ groups 
belonging to the coal tar series, are easily nitrated (give nitro-compound% 
Chapter VI.), and have other properties in common. The physical 
properties of the members of a given homologous series vary in tome 
such manner as this ; the boiling point generally rises and the internal 
friction increases as n increases *^ — that is, with an increase in the 
relative amoiint of carbon and the atomic weight ; the specific gravity 
also regularly changes as n becomes greater. ** 

Many of the hydrocarbons met with in nature are the products of 
organisms, and do not belong to the mineral kingdom. A still greater 
number are produced artificially. These are formed by what is termed 

M The conception of homology hat been applied by Gerhardt to all organio oooi- 
pounds in his clasaical work, * Traits de Chimie Organiqoe/ finiihed in 1856 (4 toU.), 
in which he divided all organio compounds into fcUty and aromatic, which it in prindpto 
■till adhered to at the present time, although the latter are more often oalled braatae 
derivatiTes, on account of the fact that Kekultf, in his beautiful iuTeetigatioikt on Um 
structure of aronxatio compounds, showed the preeenoe in them all of th^ 'beniMM 
nucleus,' CeHe. 

^ This is always true for hydrocarbons, but for deriyatiyee of the lower homologoee Um 
law is sometimes different; for instance, in the series of saturated alcohols, CiiH«,4.i(0H), 
when n->0, we obtain water, H(OH), which boils at 100<>, and whose spedfle gravity «l 
150. 0*0999; when n«l, wood spirit CH5(0H), which boils at 66°, and at 16° has * 
specific gravity-:: 0*7964 ; when n-9, ordinary alcohol, CaH»(OH), boiling at 78°, speoiflo 
gravity at 15° -0*7966, and with further increase of CH« the specific gravity increaaee. 
For the glycols CnHan (OH)^ the phenomenon of a similar kind 'is still more striking : at 
first the temperature of the boiling point and the density increase, and then for higher 
(more complex) members of the series diminish. The reason for Uiis phenomenon,- it is 
evident, must be sought for in the influence and properties of water, and that steonff 
ofllnity which, acting between hydrogen and oxygen, determines many of the exo««ptional 
properties of water (Chapter I.). 

^ As. for example, in the saturated series of hydrocarbons CNHani^st the lowest 
member (noO) must be tak^n as hydrogen Hg, a gas which {t.c. below - 190°) is liquefied 
with great difficulty, and when in a liquid state has doubtless a very small density. 
Where nel, 9, 8, the hydrocarbons CH4, C^H^, CsHs are gases, more and more readily 
liquefiable. The temperature of the absolute boiling point for CH4 » - 100°, and for 
ethane C^He, and in the higher members it rises. The hydrocarbon C4H10, liquefies at 
abotft 0°. OftHit (there are several isomers) boils at from -f 9^ (Lvoff) to 87°, CeH|4 
from 58° to 78°, drc. The specific gravities in a liquid state at 15° are :— 

C^His CeH|4 C7H1S ^toHn CieH}4 

0*68 006 0-70 0*75 Q*95 
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the combination of residues. For inHtance, if a mixtuTe of the vapours 
of hydrogen sulphide and carbon bisulphide be passed through a tube 
which copper is heated, this latter absorbs the sulphur from both 
the compounds, and tlio liberated carbon and hydrogen combine to 
form a hydrocarlxin, mettiane. It carbon be combined «itb any metal 
und this compound M0„ be treated with an acid HX, then the 
haloid X will givo a salt with the metal and the residuol carbon and 
hydrogen will give a hydrocarbon. Thus cast iron which contains a 
^compound of iron and carbon gives liquid hydrocarbons like naphthA 
innder the action of acids. If a miicturo of bromo-benzene, CgH^r, 
tind ethyl bromide, C,H,Br, be heated with metallic aodium, the 
sodium combines with the bromine of both eompounda, forming eodium 
bromide, NaBr. From the first combinatioo the gronp CeH^ remaina, 
And from the second C,Hj. Having on odd number of hydrogen atoms, 
they, in virtue of the law of even numbers, cannot exist alone, and there- 
fore combine together forming the compound CcHj.CjHj or CjH,j 
(elhylbeniene). Hydrocarbons are also produceil by the breaking up 
of more complex organic or hydrocarbon compounds, especially by heat- 
jug— that is, by dry distillation. For instance, gum-benzoin contains 
an acid called benzoic add, CjHsOg, the vapours of which, when passed 
through a heated tube, split up into carbonic anhydride^ CO], and 
benzene, C^Hj. Carbon and hydrogen only unite directly in one ratio 
of combination — namely, to form acetylene, having the composition 
OgHg, which, as compared with other bydrocarbona, eshibits a ver^ 
great stability at a somewhat high temperature.** 

* U. at tbe ordiiuiT lempentim (uiDming thsreton tfait Uw vBter fiHinad will ba 
lia ■ liqaid atate) ■ ^nm molccula (16 gruili) of uetjleoe. C]H,. be bnml, SIO tbouHud 
oiJufiiw oil] b« emilted (Tbomien). mA u 11 grama ot chuooil produce fil UioohlIkI 
sbIoHm, (ind 3 gnma ol hHrDgen Ot) Uionsand n1ori», it folloHa Umt. il tha hrdrogea 
ud otrboD al the (ctlyleaa wtn buint tben would bo onlj Ixm-t-W, or MS 
thooaaitd csloriea piadnaed. II ia etidmC, lb«ti, tlial aaljlene ia itt tormlioa ftbeoil» 
SlD-SflS, or tT thauuud coloiiH. 

For ooniideratiDDB lelntiyD to tbs (wmbuation ol cubon oompODiidt, we will fint 
•namamlD Uie quuitit; of hut eepuated b; tbe oambUBUon of dafioiM cbsmiiKl CdcboD 
CODilK.iuids, >nd then give ■ tew figoret beuiog on the kiadj of f oel Died in prutioe. 

Foe moleonlu' qowtitiieB in perfect combaitiaa tba Ifillowliig uoannla al hea u* 
glvm oat (when gaieoaa Cftrboiuc knfaydrido ud liquid water are foriDed), according to 
Tbomaen'a daU (1) lor gaseaiu C,H»,,t ES'S+lU-8n thooauid calorisa 1 (S) for 
CHn^ 17-7 + IM'ln thoaiaud calorlaa; (B) acoording to Btohmanu (1888) for liquid 
aatiirata<laleDhol>,C.nnt]0: ll'S-filltt'8n,aiidaaUielateDtbealaleva|ioration ■^aboot 
e-S^DSn, In a gauoui atale, 300 + IGS'Sn : (1) lo[ motiobaalii aatuiated liquid acid^ 
CWH,>.0, .—UB + lU'Sn, and aa their Uteot haat of aTaparation ii about iO * 1-S>i, in a 
(Meoua rorm, about—fiO-l- ISSn ; [5} for aotid (atorated bibaaic aclda, CJIf-jO^i 
-«B-8 * lSa-«», if lhey,*fe eipwuasj aa C,HpC,H^., then Bl 4 -HBHtoi i (e) tor baa. 



Bad iBagaaeooB form about — tC5-i-]5 
C.BM-t (aCMrtdingtoThWien)--' 



t-lSTn. It i* evident Jr 
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There U one snbstajice known among the satnraMd hydrocarbona J 
composed of 1 atom of carbon and 1 atODis of hydrogen ; this is a c( 
pound containing the highest percontage of hydrogen (CH, contains I 
3d per c«i>t. of hydr«;;eD), and at the same time it is the only hydro- n 
carbon whose molecule contains but a single atom of carbon. Thia 
iktniated hydrocarbon, CH,, is called marsh gaa or meOtane, If 
vegetable or animal Afose suffers decomposition in a space where tba 
air has not fr«e access, or no access at all, then the decomposition is , 
accompanied with the formation of marsh gas, and this eitjier at tha J 
ordinary temperature, or at a comparatively much higher one. On this I 
account plants, when decomposing under water in TnarAei, give oat ' 
this gas " '>'■ It is well known that if the mud in bogs be stirred 
np, the act ia accompanied with the evolution of a large quantity of 
ga« bubbles , these may, although slowly, also EBparate of their o 



.0 group CH„ or CHj i 



> IBS l> 



IH tbDDiud cilori 

Iboniand ; the reiioii for thii diflen 

!■ th« unaniit ot hett Mpuvted daring the (onutioD at CH,. Accot^ing to 8t<^ 

■DIOD, roTdatT<igli]<»H,C,H„Oi, Uiie73'7: toe common ingu, C„HkO,„ 1S9S-T1 Ik 

BsUnloH, CtRioOi. Sli'O; gUnh. n7'6: dsitrin, SWI; glycol, C,H,Oh IBl'T; gljoertu, 

SVra. &c. Tbe heat ol mmhurtioD ot tba tollDsing aolida (dvitraiiiied br Slohnuna) ii 

upreued pet onil of weight : nsphttulene. CigHt, B.BSl -, ur«*. CN,H,0, S,(U i whit* d 

egg, tfili: iij rj' l"ud. *'*m wbwlsn fal«d, <,809l (olloir, 936i: buHti, B.ini 

liniHd oil. 9,8S8. Ths mott <ioniplet« collootion of uilhmelicol data foe tin h«t< gl 

wmbuHtlon will ba foaod in V, F. Longinin'A work, ' DcHripLLoa of (be Vbrioot Ucthodi 

ot DetfrminlDg tha Hetti of Conbustioa ol Otginie CompoDods' (Hokow, ISM). 

Tlui DoiDbac of nulla of beat gitsn out bj tnilirnfAt daring IhacomptaUaiiiibuUaii 

Sad ooc^Ing of tha tollowing ordinuy kiada ot fool ia thfltr nanil alata of ArjnM* sad 

It puitj ani^Cl) for wood cfaarcoa],uithracile, Kmi-anthncitfl.bitniDliuiaa C04l udoolvi 

I ham T.SOO to 8,10(1 ; (a) dty, long Suung oyiit, ud Iha bs^t brown coals, (ram S,SW to 

'•^OOl (S)paifactljdi7wood, S.COO; bardl j dry, 1t,M)0 ; (t) perfectly dr; put.beit Unt, 

'; Dampnaaed and drled.S.OOO; (SlpattoUom ratoM and ilmilu liquid bjrdiocuboB*, 

abaal 11,0110; (A) aiamiaatiDg guof thaonlinarrcompoillian (aboul 46 toIi. HgtOTdl. 

CH|, « vuli. CO, aad C Tola. N), abont 19,000 ; (T) prodooer gaa (Ha out Ch»pl*^,MD- 

Ulnhig S toll, aarbonla ajibjdridai SO voli, sarboslc orida, tnd OS vol*. Dilmgaa for 0<u 

fori by welghl aflhi schalt eariaa birnl, S.SOO, and for one part by weight of tli« gu, 

•10, nniu at bait ; and |B) watar gu (j» ofit chapt«) containiag t voU oaibonlcaabj- 

drida, a roll. N,, M tdIs, calbonis oiide, and (0 toIi. H], for one part by wngbl of (In 

ovbon oniiunid In the gmtrator 10,800, and for one part by weight of thg gM, tJKO 

tmila of boat. In Iheaa flgnrea, aa in all ctlorime<rio obaarvatioaii the water pnidiuad 

t; tba oombuiIioQ ol tba Inal li iuppoaed to ba liquid. Aa regarda tba lampeimtBca 

tMched by ttaa foal, il U Impoitut to leniark tbil for nlid fuel it ii indiapmubla to 

admit (to anasr* complela annboatioc) ttnca tbounoDnt of air reqnirsd. bnl liquid, or 

palrariaad (imI. and sapadally gaaeoiu toel, doat not reqain an euM* of air ; tbarefot*^ 

a kOocnm of dunoal, glrkg S,0a0 unila of heat, requlna (boot U Ulngiama of air (t 

*' nxu of *ir par thoaiand ulorlai) and a kilogram ol prodiacar gai nqoiiM onlj 

kilogram of aic (DBS kilo, of air per 1,000 calorlMli 1 Ulograjn of nla gai nboal 

I Mot*it(l'SJ)kilo.afaiipeil,OOOcal<^M}. 

~i M Mmoi* vUcb dMompoaai ondar the hUob ol baetsria glraa oA C0« Ml 




ucord. Tbe gaa which is evolved consists pi-incipalty of marsh gas.^ 
If wood, coal, or manj other vegetable or animal aubatancea are decom- 
posed by tbe action o/keal without access of air — that is, are subjected 
to itj distillation — they, in addition to many other gaseous products 
of decomposition (carbonic anhydride, hydrogen, and various other 
■ubstances), evolve a great deal of methane. Generally the gas whicb 
ia used for lighting purposes is obtained by this means and therefore 
always contains marsh gas, mixed with dry hydrogen and pther vapours 
and gases, althouj^h it is subsequently puriSed from many of them." 
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lacca i[ 4 elH> bottle b« 
otcr); il ttumadoltha 
caught bf tbe loiorted 
(unnKl. 

*' niDtniDating gu [■ gan>nll]> prepued b^heatitig gu coal (iga Note S) in ovtl 
Cflindnciil boriwntnl cut-iion or cUy retoiti. B«r»n] auch lelorU BB (fig. M) ai* 
diBposod in tbe Incnuio A, mud bnted togetber. Whin tbe rotorti tn lusted to ■ 
red ko4t, liUD)H d! c»1 nro tbroKn into them, ud tbej ua tben cloicd vith a closely 
fitting covei. Tbe illsatntion ihowB the luinus, with Qvo retortL Coke (iH Note I, 
izj dietitUtioii) rcmunB in the leloili, and the votetile piodncta in tht lonn ol Tlponn 
uid guea tnvel kloog the pipe d, riling from euh retort. Theae pipes bnncb ibora 
(he alove, uid commnniale with the receiver/ [bydnulic mun) pluad nboie the lumua. 
ThoH prodnctii of Uia di; ditttUation which inoit eaeil; pus from the gaeeoua into tba 
liquid >nd eolid BtilaB colteot In the hydrsolie muD. From the hydnullo nuin th« 
**]ioura and guea travel Along the pipe g uid the lerlea ol vertical pipei j (which art 
■emetimea cooled by inter tcirUing oiec the ratface), nbece the vapoon and gaiet cool 
Irom the contacl ot the colder eortue, Mid ■ treab quantity ol va^iour eondenael. Tha 
oondeiiud liquida paea Irom the pipee g %nij and into tha tTongha H, Tbeie trongba 
alwayaconUin liquid KtBMDItaBt level (the eacsBi flowing awaT) ao that the gu unnot 
eacape. and thua they Form, aa it ia tenned. a bydrauUo joint. In the «t4tA in which it 
leatva the condenaera the gaa conalite principally of tha following vapoura and gaaaa : 
(1) vapour ot water, (S) amiaoniuni carbonate, (B) liquid bydTocarboDfl, (4} hydrogen tol- 
pbide, H,8, (6J catbonic anbydride. CO^ (a) carbonio oiida, CO. (7) snlpbaroue anhy- 
dride. SOi, but a gnat part ol the illnmiuating ga* contiita of (S) hydrogen, (9) manli 
gaa, (lUJ olefiont gaa, C,H„ and other gaaeoDi bydrocarhona. The hydrocarbon* (8, 9, and 
10). the bydrugen, nod corbonio oiide are eapabla ot cambaatioD. and an uh(oI Dom- 
poupnt peitfl, but the carbonic anhydride, the hydrogen anlphida, and lolphuroua aahj- 

tMcaDW they do not hum (COi, SO,) and tower the temperature and brill ionej o( Ibe flune, 
OT elie, although capable of burning (tor cunirlo, H,B, CS^ and othcn), they give ont 
daring combuBtioa aulphDiooi anhydride which haa a ditagrceable amell, ia injotiona 
when inhaled, and spoils many surrounding objecla. In order to BEparata the iDJurions 
ptoductn, tbe gas is wsshed with water, a cylinder (not shown in the illuatration) filled 
with coke conlinoally moiatened with water serving lor this purpose. The walsr lumiBg 
Into coulAct with the gai disaolves the smmonlum corhoitste ; hydrogen sslphide, cu- 
bonic anhydride, and snlphuroua anhydride, being only partly aoluble in water, have to 
be got rid ol by a special mean*. For Ibis purpoae tbe gas ii pssBod IhTHogh moist lima 
or othoT alkaline liquid, as the sbovt-mentioned gaees have acid properties and ore 
tberalore retained by the alkali. In the esse ot Hme, calcium corhooate, sulphite and 
(alpbida. all solid sDbaliuicea, an farmed. It ia neceieary to renew the pori^ing 
malartsl u ita absorbing power decteoHa A miiturs of lima and lotphata of iton, 
FeSO,. acts still betUr, becaaae tha Uttor, with Ume, Ca(HO]u forma ferrooi bydroiid*, 
r*(HO>, and grpsum, CaSO,, The saboiida (poftlj tuning into oxide) of iron ahaatba 
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Tolerably para marsh gas " may be obtained by heating a mixture oE Ait 
acetate with ao alkali. Aoetic acid, C,n,0,, on being beated ia dooom- 
posed into marah gas and oarbonio anhydride, C,H,0,=CH, + COi. 

An alkali — for ioBtaiice, NaHO — givei with aoetio aoid a salt, 
CiH,NaO„ which on decomposition retalne carbonic anhydride, form* 
ing a carbonate, NajCO,, and marsb gu is gif en off : 
C.H.NttO, +NaHO=NB,CO, + CH, 

I Mareb gas is difficult to liquefy ; it ia almoet Insoluble In water, 

wkd ie without taste or smell. The most important point in conoeotioa 
with its chemical reactions is that it does not combine directly with 
anything, whilst the other hydrocarbons which contain less hydrogen 
than expressed by the formula C,H^,, are capable of combining with 
hydrogen, chlorine, certain acids, &c. 

If the law of substitution gives a very simple explanation of the 
formation of hydrogen peroxide as a compound containing two 
aqueous residues (OH) (OH), then on the basis of this law all hydro: 
carbons ought to be derived from methane, CH„ as being the simplest 
hydrocarbon .*° The increase in complexity of a molecule of methano 
is brought about by the faculty of mutual combinntion which exists in 
the atoms of carbon, aod, as a consequence of the most detailed study 
of the subject, much that might have been foreseen and cot^ectared 
from the law of substitution has l>een actually brought abont in such 
a manner as might have been predicted, and although this subject 
on account of its magnitude really belongs, as has been already stated, 
to the sphere of organic chemistry, it has been alluded to here in order 
to show, although only in part, the best investigated example of the 
application of the law of substitution. According to this law, a mole- 
Oule of methane, CH„ is capable of undergoing substitution in the four 
following ways : — (1) Methyl substitution, when the radicle, equivalent 
to bydi'ogen, called , vtithyl CH,, replaces hydrogen. In OH, thia 
radicle is combined with H and therefore can replace it, aa (OH) 
replaces H because with it it gives water ; (3) methylene substitution, 
or the exchange between H, and CH| (this radicle is called methylene), 
U founded on a similar division of the molecule CH, into two equiv^ 

DDnduoted ia metilUo pipei to wncb liundceda of mika dutaol. principallT lor meUl- 

lurglctl purpowa. 

t' The porost gu ii prepared b; railing Ihe liquid anbalaneo Milled tloo matbrl, 

Zii(ClIi)i, with oUer, Hhsn the fplioiring iciWIioD ocooii : 

ZD(CHi).,-f SHOH ^ Zn(HO), + SCH^. 
M UetltyleDe. CH,, does dot o>lst, Wlien ^ttempta ue nude to sbtaln It (tor 
imple, \tj remoTiDg X, Irom CBgX,), CiHt at C^ ■» produeed— ilul li to U]r, It 

ande^Ms pDljmetiaUion. 
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lent pftrti^ Ht tnd CHt ; (3) aeetjlena substitiitioii, or the «zeiHuige 
between CH on tlie one haod and H^ on the otber ; and (4) oirboo 
inbetttation-^tbai in, the sobstiUition of H| bj an atom of carbon Q 
which is founded on the -law of sobttitation Jntt at !• the methyl 
iobititation* Theae four eases of substitution render it possible lo 
understand the principal relations of the hjdrocarbons. For instanee^ 
the law of even nuwibere ie seen from the fact that in all the cases of 
substitution mentioned the (lydrogen atoms increase or decrease by 
sen even number ; but as in C&4 they are likewise even, it follows that 
no matter how many substitutions are effected there will always be 
obtained an even number of hydrogen atoms. When H Is re* 
placed by CHj there is an increase of CHt i when H, is replaced by 
CH, there is no increase of hydrogen ; in the acetylene substitution 
CH replaces H^,. therefore there is an increase of C and a decrease of 
H, ; in the carbon substitution there is a decrease of H4. In a similar 
way the law of Itmii may be deduced as a corollary of the law of 
substitution. For the lai^est possible quantity of hydrogen is intra* 
duced by the methyl substitution, since it leads to the addition 
of CH, ; starting from CH4 we obtain CjH^, C^Hg, and in general, 
C«H,,^„ and these cont&in the greatest possible amount of hydrogen. 
Unsaturated hydrocarbons, containing less hydrogen, are evidently 
only formed when the increase of the new molecule derived from 
methane proceeds from one of the other forms of substitution. 
When the methyl substitution alone takes place in methane, CH4, 
it is evident that the saturated hydrocarbon formed is C,Hg or 
(CHj) (CH]).'^ This is called ethane. By means of the methylene 
substitution alone, ethylene, C,H4, or (CH,) (CH,) may be directly 
obtained from CH4, and by the acetylene substitution CjH, or 

^ Although Um m«thodt of formaikm and Um reactiOnt connected with hy(lroc*rbo(M 
ftra not described in ihit work, becanae they are dealt with in organic chemistry, yet io 
order to clearly show the mechanism of those transformations by which the carbon 
atoms are built op info the molecnlee of the carbon compoonds, we here gire a geneal 
•sample of reactions of this kind. From marsh gas, CH4, on the one hand the sabati- 
tation of chlorine or iodine, CH3CI, CHjI, for the hydrogen may be effected, and on the 
other band snch metals as sodium may be sabstitnted for the hydrogen, e.g. CH^Na. 
These and similar products of substitution serve ai a means of obtaining other mora 
complex substances from given carbon compounds. If yre place the two above-named 
product* of Bubtiitntion of marsh gas (metallic and haloid) in mutual contact, the met«l 
combines with the halogen, forming a very stable compound — namely, conunon salt, 
MaCl, and tha carbon grotkps which wera in combination with them separate in mutual 
combination, as shown by the equation : 

CH^ -I- CH,Na « NaCl -t- C,H4. 

This is the most simple example of the formation of a complex hydrocarbon from thesa 
vadides. The cause of the reaction nrast be sought for in the property which the haloid 
(ehlor^e) and sodium have of entering into mutual combination. 
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(CH) (CH), or acetylene, both the latter being ans&turated hydro* 
carbons. Thus wo have all the possible hydrocarbons with two fttoms 
of carbon in the molecule, OjHg, ethane, C^H,, ethylene, anil OiH^ 
Melylene. But in them, according to the law of substitution, the 
iame forms ot anbstitutioa may be repeated — that is, the methyl, 
methylene, acetylene, and even carbon aubstitutionB (because OjHg will 
itiil contain hydrogen when C replaces H,) ond therefore further sub' 
ftitntions will serve as » source for the production of a. freah series of 
■aturated and unsaturated hydrocarbons, containing more and more 
Mrbon in the molecule and, in the caeo of the acetylene substitution 
Mid corboD substitution, containing less and less hydrogen. Thus Ay 
mtane of the lino of tabuilvXion tee can Jortut not only the limit 
C,;Hi,,i, but an unlimited nuioberof unsaturated hydrocarbons, C,H||,, 
<-'.H,„_, .... C„Hj{„..), whero m varies from to n-l," and 
where n increases indefinitely. From these facts not only does tba 
exitlence of a multitude of polymeric hydrocarbons, differing in mole- 
cuUr ireight, become intelligible, but it is also seen that there is a poesi* 
bility of oases of isomerism with the same molecular weight. Thia 
peli/mtrisra SO common to iiydrocarbon compounds is already apparent 
in the first unsaturated seriea C,H,., because all the terms of thia 
series C,H„ C,H„, C^Hs .... 0„Hjo .... hove one and the 
>une composition CH„ but dilftrent molecular weights, as has been 
already explained in Chapter VII. Tho differences in the vapour 
dendty, boiling points, and melting points, of the qaantitiea 
entering into reactions,'* and the methods of preparation 1' also so 
clearly tally with the conception of polymerism, that this example will 
Always be the clearest and most conclusive for the illustration of 
jiolymerisni and molecalar weight. Such a cose is also met with among 
other bydrocarbona. Thus benzene, C^Hs, and cinnamene, CaH^ 
ocffretpond with the compoution of acetylene or to a. compound of 
the composition CH.*' The first boils at 81°, the second at 144°; 



ThMCi»hydToearbanB««iUining s 
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the specific gravity of the first is 0*899 ; that of the second, 0*925, at 
0^— Uiat is, here also the boiling point rises with the increase of 
molecular weight, and so also, as might be expected, does the density. 
Cases of isomerism in the restricted sense of the word— that is, 
when with an identity of composition and of molecular weight, the 
properties of the substances are different — are very numerous among 
the hydrocarbons and their derivatives. Such cases are particularly 
important for the comprehension of molecular structure and they 
also, like the polymerides, may be predicted from the above-mentioned 
conceptions, expressing the principles of the structure of the carbon 
compounds ^' based on the law of substitution. According to it, for 
example^ it is evident that there can be no isomerism in the cases of 
the saturated hydrocarbons C]Hg and CjHg, because the former is 
OH4, in which methyl has taken the place of H, and as all the 
hydrogen atoms of methane must be supposed to have the same 
relation to the carbon, it is all the same which of them be subjected 
to the inethyl substitution —the resulting product can only be ethane, 
CHjOHs ; *' the same argument also applies in the case of pro* 
pane, CHsCHsCH], where one compound only can be imagined. It 

can be diftioguiBhed beyond ft doubt Without Dftlton't Uw chemistry could not hftTt 
been brought to iti preeeul condition, but it cftnnot alone ezpreti 11 thoM grtda* 
Uoni which ftre quite oleftrly understood ftnd predicted by the law of Avogedro- 
Qerhftrdt. 

<* The conception of the structure of carbon compounds — thftt is, the ex|»eftsio& of 
those unions ftnd oorrelfttions which their fttoms have in the molecules^wss for a long 
lime limited to the representfttion thftt organic substances contained complei radiclee 
(for instance, ethyl C9H5, methyl CHs, phenyl CeH^, ^c.) ; then about the year 1840 the 
phenomena of substitution and the correspondence of the products of substitution with the 
primary bodies (nuclei and types) were observed, but it was not until about the year 
1860 and later when on the one hand the teacliing of Gerhardt about molecules was 
qxreading, and on the other hand the materials had accumulated for discussing tb« 
transformations of the simplest hydrocarbon compounds, that conjectures began to 
ftppeftr fts to the mutuftl connection of the atoms of carbon in the molecules of the com* 
plei hydrocarbon compounds. Then Kekul^and A. M. Butleroff began to formulftte tha 
connection between the separate atoms of carbon, regarding it as a quadrivalent element. 
Although in their methods of expression and in some of their views they differ from each 
other and also from the way in which the subject is treated in this work, yet the essence 
of the matter— namely, the comprehension of the causes of isomerism and of the union 
between the separate atoms of carbon— remains the same. In addition to this, starting 
from the year 1870, there appears a tendency which from year to year increases to die- 
coreir the actual special distribution of the atoms in the molecules. Thanks to the 
•ndeaTOurs of Le-Bel (1874), Van 't Hoff (1874), and Wislicenus (1887) in observing cases 
of isomerism — such as the effect of different isomerides on the direction of the rotation 
of the plane of polarisation of light— this tendency promises much for chemical mechanics, 
bat the details of the still imperfect knowledge in relation to this matter must be sought 
for in special works devoted to organic chemistry. 

^ Direct experiment shows that however CE[jX is prepared (where X a for instance 
a, ^.) it is always one and th^ same sabttanoc. If, for example, in CXt. X is gradually 
ctplaoad by bj^bogen iintU CH^X is prodooed, or ii\ CS«, the hydxogco by Tarioos 





U to be expecUd, hos^over, that there ehonld be two butanea, C,Hio, 
Nod this is actually the case. In one, methyl may be coasi<Jered 
M replacing the hydrogen of one of the methyl^ CH]CH,CU,CHj ; 
1 the other CHj may be coondereU as aabstitiited for H in 
CH„ ond there it wili consist of CH3CH ^g'. The latter may 
o be regarded us methane in which three of hydrogen &re exchanged 
(or Utree of methyl. On going further in the series it is evident thftt 
the number of possible iaomerides will be still greater, but we have 
limited ourselves to the simplest examples, showing the possibility and 
actual existence of isomerides. CiH, and CHiCH) are, it is evident, 
identical ; but there ought to be, and are, two hydrocarbnna of the 
composition CjHb, propylene and trimethylene ; the first is othjiena, 
CH]CHi. in which one atom of hydrogen is exchangee) for methyl, 
CHjCHCHj, and trimethylene is ethane, CHjCHj, with the substi- 
ttttJon of methylene for two hydrogen atoms from two methyl groups — 
that is, r;R''-'Ifji** 'here the methylene introduced is united to both 
the atoms of carbon in Cn,CH,. It is evident that the cause of 
Uomeriim here is, on the one hand, the difference at the amount 
of hydrogen in union with the particular atoms of carbon, and, on the 
other, the different connection between the several atoms of carbon, 
la the Brst case they may be said to be chained together (more usually 
to torm nn open cboin '), and in the second case, to bo locked together 
(to EotDt A ' closed chain ' Or ' ring '). Here also it is easily understood 
tint on increasing the quantity of carbon atoms the number of possible 
and existing isomerides will greatly incresse. If, at the same time, 
in addition to the substitution of ono of the radicles of methane for 
' liydrogen a further exchange of part of the hydrogen for some of 
' the other groups of elements X, Y . . . . occurs, the quantity of 
. possible isomerides etiU further increases in a considerable degree. 
I For instance, there are even two possible isomerides for the derivatirea 
I ftethano, CgHg ; if two atoms of the hydrogen be exchanged for X^ 

ia replued by X, or bIh, tar iti«tuioe, it CHjX be obtained bj tha decompaiibuHi 

e complex oompoiuidB, the tome prodiut ii aIvajb ■>btidned. 

■ WBS Bbown in tbs ytu ISSO. or UmMbont, by nany methodg, und ii the laodk- 

conHption of the ttnurtoTQ of bydrocarboD eompanDdB. If the HtomB of hydrogen 

[nelhyl vera not ibaotntely Identiul in nine and position (u tbey tre nat, for inBtance, 

k CHjCHiCB, or CHjCH^), then there •ronld be u many difft^ronl forml et CHsX 

T^m Kcre diTonllia* In the utomi of faydcogon in CH.. Tha ncope of this work doM 

Ppeimit of a more detailed acoount of thii nuttsi. It ii given in Tocka on orsnnia 
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one will have the ethylene structure, OHjXOHsX, and the other an 
ethylidene structure, CH,CHX, ; such are, for instance, ethylene 
chloride, CHtClOHaCl, and ethylidene chloride, CH,CHC1,. And as 
in the place of the first atom of hydrogen not only metals may be substi. 
tttted, but CI, Br, I, OH (the water radicle), NH, (the ammonia radi- 
cle), NO, (the radicle of nitric acid), <kc., so also in exchange for two 
atoms of hydrogen 0, NH, S, &c., may be substituted ; hence it will 
be understood that the quantity of isomerides is sometimes very great. 
It is impossible here to describe how the isomerides are distinguished 
from each other, in what reactions they occur, how and when one 
changes into another, &o, ; for this, taken together with the descrip- 
tion of the hydrocarbons already known, and their derivatives, forms a 
very extensive and very thoroughly investigated branch of chemistry, 
called organic cliemistry. Enriched with a mass of closely observed 
phenomena and strictly deduced generalisations, this branch o^ 
chemistry has been* treated separately for the reason that in it the 
hydrocarbon groups are subjected to transformations which are not 
met with in such quantity in dealing with any of the other elements 
or their hydrogen compounds. It was important for us to show that 
notwithstanding the great variety of the hydrocarbons and their 
products,^^ they are all of them governed by the law of substitution, 
and referring our readers for detailed information to works on organic 
chemistry, we will limit ourselves to a short exposition of the properties 
of the two simplest unsaturated hydrocarbons : ethylene, CHaCHs^and 
acetylene, OHCH, and a short acquaintance with petroleum as the natu- 
ral source of a mass of hydrocarbons. EtJiylene, or ol^ant ga$, 0)H4, 

^ The following are the most generally known of the oxygenised but non-niirQ« 
l^enons hydocarbon derivativea. (1) The alcohols. These are hydrocarbons in whkh 
hydrogen is exchanged for hydroxyl (OH). The simplest of these is methyl aloohol^ 
CH5{0H), or wood spirit obtained by the dry distillation of wood. The common spirits 
of wine or ethyl alcohol, CjH^CO]^! and glycol, C«H4(OH)2, correspond with ethane. 
Normal propyl alcohol, CH5CU9CH3(OH), and isopropyl alcohol, CH,CH(0H)CH5, pro- 
pylene-glycol, CsH«(0H)3, and glycerol, C5Ha(0H)s (which, with stearic and other acids* 
forms fatty substances), correspond with propane, C3H9. All alcohols are capable of form- 
ing water and ethereal salts with acids, jast as alkalis form ordinary salts. (2) Aldehydes 
are alcohols minus hydrogen ; for instance, acetaldehyde, C2H4O, corresponds with ethyl 
alcohol. (8) It is simplest to regard organic acids as hydrocarbons in which hydrogen 
has been exchanged for carboxyl (CO3H), as will be exphuned in the following chapter. 
There are a number of intermediate compounds; for example, the aldehyde-alcohols, 
alcohol-acids (or hydroxy-acids), Sco. Thus the hydroxy-acids are hydrocarbons in which 
some of the hydrogen has been replaced by hydroxyl, and some by carboxyl ; for 
instance, lactic acid corresponds with C^He, and has the constitution C3H4(OU)(C09H). 
If to these products we add the haloid salts (where H is replaced by CI, Br, I), the nitro- 
oompounds containing NO9 In place of H, the amides, cyanides, ketones, and other com- 
pounds, it will be readily seen what an immense number of organic compounds there are 
sad what a variety of properties t^ese spbstanoe* have ; this we see also from the com- 
position of plants and animal*. 
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19 the lowest known member of the unsaturated hydrocarbon series oC 
the composition 0^ Hj^* As in composition it is equal to two moleoulee 
of marsh gas deprived of two molecules of hydrogen, it is evident that 
it might be, and it actually can be, produced, although but in smail^ 
quantities, together with hydrogen, by heating marsh gas. On being 
heated, however, olefiant gas splits up, first into acetylene and methane 
(3C,H4 = 20,11, + 2OH4, Lewes, 1894), and at a higher tempera- 
ture into carbon and hydrogen ; and therefore in those cases where 
marsh gas is produced by heating, olefiant gas, hydrogen, and charcoal 
will also be formed, although only in small quantities. The lower the 
temperature at which complex organic substances are heated, the 
greater the quantity of olefiant gas found in the gases given off ; at a 
white heat it is entirely decomposed into charcoal and marsh gas. If 
ooal, wood, and more particularly petroleum, tars, and fatty substances, 
are subjected to dry distillation, they give off illuminating gas, which 
contains more or less olefiant gas. 

Olefiant gas, almost free from other gases,^^ may be obtained from 
ordinary alcohol (if possible, free from water) if it be mixed with five 
parts of strong sulphuric acid and the mixture heated to slightly above 
100^ Under these conditions; the sulphuric acid removes the ele- 
ments of water from the alcohol, C2H5(OH), and gives olefiant gets ; 
O^HqO = H2O + O2H4. The greater molecular weight of olefiant gas 
compared with marsh gas indicates that it may be comparatively easily 
converted into a liquid by means of pressure or great cold ; this may 
bo effected, for example, by the evaporation of liquid nitrous oxide. 
Its absolute boiling point is + 10°, it boils at — 103° (1 atmosphere)^ 
liquefies at 0°, at a pressure of 43 atmospheres, and solidifies at ^ 160°. 
Ethylene is colourless, has a slight ethereal smell, is slightly soluble in 
water, and somewhat more soluble in alcohol and in ether (in five 
volumes of spirit and six volumes of ether).*^ 

^ Ethylene bromide, CaH^Brj, when gently heated in alcoholic solution with finely 
divided zinc, yields pure ethylene, the zinc merely taking up the bromine (Sabaneyeff). 

-^ Ethylene decomposes somewhat easily under the influence of the electric spark, 
OT a high temperature. In this case the volume of the gas formed may remain tlie 
tame when olefiant gas is decomposed into carbon and marsh gas, or may increase to 
double its volume when hydrogen and carbon are formed, C3H4=CH4+C = 2C + 2H> 
A mixture of olefiant gas and oxygen is highly explosive ; two volumes of this gas require 
six volumes of oxygen for its perfect combustion. The eight volumes thus taken then 
resolve themselves into eight volumes of the producfta of combustion, a mixture of water 
and carbonic anhydride, C2H4 + 802 = 2COa+2H20. On cooling after the explosion 
diminution of volume occurs because the water becomes liquid. For two volumes of th« 
olefiant gas taken, the diminution will be equal to four volumes, and the same for maral% 
gas. The quantity of carbonic anhydride formed by both gases is not the same. Two 
volumes of marsh gas give only two volumes of carbonic anhydride, aod two voliiinM ol 
ethyleue give four volumes of earbonie anbydcidei 
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like other unsaturated hydrocarbons, oleiiant gat readily enters 
'into combination with certain substances, such as chlorine, brominep 
S iodine, fuming sulphuric acid, or sulphuric anhydride, ike If olefiant 
gas be sealed up with a small quantity of eulphuric acid in a glass 
vessel, and constantly agitated (as, for instance, by attaching it to the 
moving part of a machine), the prolonged contact and repeated mixing 
causes the olefiant gas, little by little, to combine with the sulphuric 
acid, forming CgH4H,S04. If, after this absorption, the sulphuric acid 
be diluted with water and distilled, alcohol separates, which is produced 
in this case by the olefiant gas combining with the elements of water, 
CsHi + H,0 s C,HgO. In this reaction (Berthelot) we see an excellent 
example of the fact that if a given substance, like olefiant gas, is produced 
by the decomposition of another, then in the reverse way this substance^ 
entering into combination, is capable of forming the original substance 
— in our -example, alcohol. In combination with various moleculee, 
X9, ethylene gives saturated compounds, C)H4X| or CH^XCHsX 
(for example, OsH40]3), which correspond with ethane, CH3CH9 or 

Acetylene, C^Hs = CHCH, is a gas ; it was first prepared by Ber- 
thelot (1857). It has a very pungent smell, is characterised by its 
great stability under the action of heat, and is obtained as the only 
product of the direct contbination of carbon with hydrogen when a 
luminous arc (voltaic) is formed between carbon electrodes. This arc 
contains particles of carbon passing from one pole to the other. If the 
carbons be surrounded with an atmosphere of hydrogen, the carbon in 
part combines with the hydrogen, forming CaHj.^* w« Acetylene may 
be formed from olefiant gas if two atoms of hydrogen be taken 
from it. This may be effected in the following way : the olefiant gas is 
first made to combine with bromine, giving C2H4Br2 ; from this the 
hydrobromic acid is removed by means of an alcoholic solution of 
caustic potash, leaving the volatile product C2H3Br ; and from this 
yet another part of hydrobromic acid is withdrawn by passing it through 
anhydrous alcohol in which metallic sodium has been dissolved, or by 
heating it with a strong alcoholic solution of caustic potash. Under 
these circumstances (Berthelot, Sawitsch, Miasnikofi) the alkali takes 
up the hydrobromic acid from C^Hj^.jBr, forming C^Hj^.j. 

« The homologues o! ethylene, CnH,N, are aI»o capable of direct combination with 
halogens, drc, but with various degrees of facility. The composition of these homolognes 
can be expressed thas: {CHi)g{C'Rq)y (GH),Cr, where the snm of x+s is slways an even 
number, and the sum of «-)-s + r is equal to hidf the sura of 8x-)-s, whence s-f 2r«x ; by 
this means the possible isomerides ue determined. For example, for bntylenes, C4Hf, 
(CHs)8(CH)^ (CH5),(CH,)C, (CH^) (CH2),CH, and (CH2)4 are poeuble. 

^^^ See eho method of preparing CgHt in Note IS bis. 
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Acetjrlene IE also produced in sU those cases where organic aub- 
8t«nce« are decomposed by the action of a high temperature— for 
example, b; drj distillation. On this account a certain quantity ii 
always found in coal gas, and gives to it, at all events in part, its 
peculiar siuell, but the quantity of acetylene in coal gas is very small. 
If the vapour of alcohol be passed through a heated tube a certain 
/]oiuitity of acetylene is formed. It is also produced by the imperfect 
combustion of olefiant and niarah gas — for example, if the Same of 
coal gas has not free access to air.*' The inner part, of every dame 
contains gases in imperfect combustion, nnd in theai some amount of 

Acetylene, being further removed than ethylene from the limit 
C,H},.3of hydrocarbon compoAinds, has a still greater faculty of combi- 
nation than is shown by oletiant gas, and therefore can be more readily 
separated from any miitture containing it. Actually, acetylene not 
only combines with one fitid two molecules of I„ HI, HjSO,, Cl„ Br„ 
tc. . . , (many other unsaturated hydrocarbons combine with them), 
but also with cuprous chloride, CuCl, forming a red precipitate. If ai 
gaseous mixture coirtainlng acetylene be passed through an ommoniacal 
solution of cuprous chloride (or silver nitrate), the other gases do not 
combine, but the acetylene gives a red precipitate (or grey with aitver), 
which detonates whoa struck with a hammer. This red precipitata 
gives off acetylene under the action of acids. lu this manner pure 
^etylene may be obtained. Acetylene and its homologues also 
readily react with corrosive sublimate, HgCl} (Koucheroff, Favorsky). 
Acetylene burns with a very brilliant finme, which is accounted for 
by the comparatively large amount of carbon it contains. ''^ 

The formation and existence in nature of large masses of petroleum 
or a mixture of liquid hydrocarbons, principally of the series C,Hfc,,t 
and C,H], is in many reapects remarkable." In some mountainous. 
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districts— M, for instance, by the slopes of the CftncMian ebflin, on 
inclines lying in a direction parallel to the rango^an oily liquid isroer 
from the earth together with salt water and hot gases (methane and 
others) ; it has a tarry smell and dark brown colour, and is lighter than 
water. This liquid is called naphtha or rock oil (petroleum) and is 
obtained in large quantities by sinking wells and deep bore-holes in 
those places where traces of naphtha are observed, the ntiphtha being 
sometimes thrown up from the wells in fountains of considerable 
height.^' The evolution of naphtha is always accompanied by salt 
water and marsh gas. Naphtha has from ancient times been worked 
in Russia in the Apsheron peninsula near Baku, and is also now 
worked in Burmah (India), in Galicia near the Carpathiatis, and in 
America, especially in Pennsylvania and Canada, <&o. Naphtha does 
not consist of one definite hydrocarbon, but of a mixture of several, 
and its density, external appearance, and other qualities vary with the 
amount of the different hydrocarbons of which it is composed. The 
light kinds of naphtha have a specific gravity about 0*8 and the heavy 
kinds up to 0*98. The former are very mobile liquids, and more vola- 
tile ; the latter contain less of the volatile hydrocarbons and are less 
mobile. When the light kinds of naphtha are distilled, the boiling 
point taken in the vapours constantly changes, beginning at 0** and 
going up to above 350*^. That which passes over first is a very mobile, 
colourless ethereal liquid (forming gazolene, ligroin, benzoline, Ac), 
from which the hydrocarbons whose boiling points start fn>m 0® may. 
be extracted — namely, the hydrocarbons C4Hjo, C^Hij (which boils 
at 30°), CfiHi^ (boils at 62°), C,!!,^ (boils about 90°), &c. Those 
fractions of the naphtha distillate which boil ahovo 130°, and contain 
hydrocarbons with Cg, Cjo, Cii, A'c, enter into the composition of the 

refining by repoatetl fractional distillation, wliich con bo very conveniently dono by 
means of steam rcctiflration — that itt, by passing the steam through the dense 
mass), dependM not only on the predominance of saturated hydrocarbons in the 
former, and naphthencs, CnH^^u, in the latter, but also on the diversity of composition and 
structure of the corrcspondiDg portions of the distillation. The products of the Baku 
naphtha are richer in carbon (therefore in a suitably constructed lamp they ought to give 
a brighter light), they are of gp-cater specific gravity, and liavo greater internal friction 
(and arc therefore more suitable for lubricating machinery) than the American products 
collected at the same temperature. 

*• The formation of naphtha fountains (which burst forth after the higher clay strata 
covering the layers of sands impregnated with naphtha have been bored through) is with- 
out doubt caused by the pressure or tension of the corhbustible hydrocarbon gases 
which accompany the naphtha, and are soluble in it under pressure. Sometimes these 
naphtha fountains rcadh a height of 100 metres—for instance, the fountain of 1887 near 
Balm. Naphtha fountains generally act periodically and their force diminishes with the 
lapse of time, which might be expected, because the gases which cause the fountains find 
an otitlet, as the naphtha issuing from the bore-hole carries away the sand which was 
pftrMaHy choking it op. 
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tHj nhsbaux, anivetsally used for lighting, coiled kerosene or pboto- 
gen or photcn&phth&lene, and by other namea. The speoiGo gravity 
of kerosene is from 0-78 to O'Sf, and it smells like naphtha. ThoM 
products of tI\o distillation of naphtiia which pass off below 130° and 
have a specific gravity below 0'75, enter into the composition of light 
petroleuin {benwUnB, ligroin, petroleam spirit, ic.) ; which it used as 
a solvent for india-nibber, tor tetooving grease spots, Ac, Those por- 
tions of naphtha (which can only be distilled without change by means 
of superheated steam, otherwise they are lai^ely decomposed) which 
boil above 275° and np to 300° and have a specific gravity higher 
than 0'85, form an excellent oil," safe as regards inSammability 
(which is very important as diminishing the risks of fire), and may be 
used in lamp as an effective substitute for kerosene." Those portions 
of naphtha which pass o\-er at a stil! higher tcmperatilre and have a 
higher specific gravity thiin 0-9, which are found in abundance (about 
30 p.c.) in tlie Baku naplitha, make excellent lubricating or machine 
oils. Naphtha has many important applications, and the naphtha 
industry is now of great commercial importance, especially as naphtha 

^ Thla IB a ■Q.called intermediate oil (l>etwAea liuounfi ui^J labricAtuig oil*), foUr oil, 
or (rrmnqfaUuL I^mpa us altc&djr being muiafulatsd lot bonung it but still rsquira 
fBCnmnnssL Abore all, homrei, it rpqniifa k mats eitended mu-ket, uid thi> at 
inniiliiwuiliiig,oiritietotbetvo (allowing reaiatis: (1| ThoH preilucta of tha Asuiloaa 
pttraltBin wtaidi sre the moit nidel; iptead anil almoit miiverullj canioiotd contua 
bat little of thii tat«iiaediate oil, and what there ig ia diiidsd .betHeeD the ksrouns 
■nd Ibe Inbiicatiiig oils ; (1) the Baka DsphUui, whicli ii capable of yielJhifE s great 
deal (up Us SO p.c) o[ intecmodiate oil, ie prodnced in enonBoni qiuiititiea, about 
too miUioD pooda. bol baa no regular mukete abroad, and foi the oonsnmpUoo In 
SvMis (about IS millixiD potxli ot kerouns per aimuioj and for the limited export 
[80 million poodi per annDrn) into Wealeni Eorope (by the Trani-Cancuian Bailwa;] 
Hhom volatile and more dangerona paita ol the naphtha which enter into the compoeition 
«l lihe Ametiun potroleutn are sufflcient, aJthoogh Baku □ aphtha yields about fiSpx-ol 
Mch kiooeene. For thil reason pyTOnaphths i) nQtmannlactnred in lofficient qnanliliea, 
■ad Ute whole aorld it umanmiDg the unuFe keraeeDD. When a pipe tine has been hud 
bom Baku to the Black Sea (in Aiucrica there are many which cany the riLW naphtha to 
the eea-ahore, where it ii avtie tolo heroiene and other prodoeta) then the whole mau ol 
the B4ka naphtha will luinish aafo iltmninatiDg oili, which withoot doubt will Sod an 
'irinf"M application. A miitnre ot the iotennediate oil with Inroiene or Baku oil (sp«- 
siSe gnri^ 0*64 to O'SE) nay be considered (on removing the benzotine) to be the best 
~ ' " " 'ecuiMltiiMfefflaebiag point bom 10° to £0°), cheaper (Baku naphthk 
I eo px. ol Bakn oil), and bams pedectty well in lamps differing 
I bom thoM msde (or boiziing American kerosene (uns&te, Sashing point 
»0°tO»0°). 

" The Bubatilution of Bakn pyconaphthi^ ot inttnnediale oil, or Bako oil (tee Kota 
N]i wosld not only be • great adTsntsge M tegatds aalety from Bro, but woold also 
be highly economical. A ton (M poodi) ol American erode pelrolouia ooate at Ih* 
Msat Gossidetftblj more than 111. (13 toables), and yields two-thirds o[ s ton o{ 
keniaene suitable lot oidinarj lunpa A ton ol taw naphlhn in Bakn costs leas than 
ti. (I rouble BO copecks), and with s pipe line to the ibotB ol the Black Sea would not 
cost more then B roubles, or ISs. Moreover, a -too of Baku naphtha will yield u mnchu 
two-thinls ol s ton ol kerDeena, Bakn oil, end pynaaplitha aoitahle 01 Ula m i n sti ne 




M 



876 PBINCIPLE3 OF CHEMISTRV 

crncT its refase may be used as tuel.'^' Whether naphtha waft formecl 
from organic matter is very doubtful, as it is found in the most ancient 
Silurian strata which correspond with epochs of the earth's existence 
when there was jittle organic matter ; it could not penetrate from the 
higher to the lower (more ancient) strata as it floats on water (and 
water penetrates through all strata). It therefore tends to rise to the 
surface of the earth, and it is always found in highlands parallel to the 
direction of the mountains.'^ Much more probably its formation may 
be attributed to the action of water penetrating through the crevasses 
formed on the mountain slopes and reaching to the heart, of the 
earthy to that kernel of heated metallic matter which must be accepted 
as existing in the interior of the earth. And as meteoric iron often 
contains carbon (like cast iron), so, accepting the existence of such 
carburet ted iron at unattainable depths in the interior of the earth, it 
may be supposed that naphtha was produced by the action of water 
penetrating through the crevices of the strata during the upheaval of 

M Naphtha has been applied for heating purposes on a large scale in Russia, not only 
on aecount of the low cost of naphtha itself and of the residue from the preparation of 
kerosene, but also because the products of all the Baku naphtha do not find an outlet 
for general consumption. Naphtha itself and its various residues form excellent fueU 
burning without smoke and giving a high temperature (steel and iron may be easily 
melted in the flame). A hundred poods of good coal (for instance, Don coal) used aa 
fuel for heating boilers are equivalent to 86 cubic feet (about 250 poods) of dry wood, 
while only 70 poods of naphtha will be required; and moreover there is no need for 
•toking, as the liquid can be readily and evenly supplied in the required quantity. The 
eoonomio and other questions relating to American and Baku petroleums have been 
discussed more in detail in some separate works of mine (D. Mcndel<^cff) : (1) ' The 
Naphtha Industry of Pennsylvania and the Caucasus,' 1870; (2) 'Where to Build 
Naphtha Works,' 1880; (8) 'On the Naphtha Question,' 1888; (4) 'The Baku Naphtha 
Question.' 1886 ; (5) the article on the naphtha industry in the account of the Russian 
industries print<;d for the Chicago Exhibition. 

^ As during the process of the dry distillation of wood, seaweed, and similar vege- 
table dibris, and also when, fats are decomposed by the action of heat (in closed vessels), 
hydrocarbons similar to those of naphtha are formed, it was natural that this fact should 
liave been turned to account to explain the formation of the latter. But the hypothesis 
of the formation of naphtha from vegetable dibrii inevitably assumes coal to be the 
chief element of decomposition^ and naphtha is met with in Penosylvania and Canada, in 
the Silurian and Devonian strata, which do not contain coal, and correspond to an epoch 
not abounding in organic matter. Coal was formed from the vegetable dibrii of the 
Carboniferous, Jurassic, and other recent strata, but judging more from its oompoaition 
and structure, it has been subjected to the same kind of decomposition as peat ; nor 
could liquid hydrocarbons have been thus formed to such an extent as we see in naphtha. 
If we ascribe the derivation of naphtha to the decomposition of fat (adipose, animal fat) 
we encounter three almost insuperable di£Sculties : (1) Animal remains would furnish 
a great deal of nitrogenous matter, whilst there is but very little in naphtha ; (2) the 
enormous quantity of naphtha already discovered as compared with the insignificant 
amount of fat in the animal carcase; (8) the sources of naphtha always running parallel 
to mountain chains is completely inexplicable. Being struck with this last-mentioned 
oircnmstauce ixt Pennsylvania, and finding that the sources in the Caucasus surround the 
.whole Caucasian range (Baku, Tiflis, Oouria, Konban, Tamaa, Oiosiioe, Degetten), I 
•developed in 1870 the hypothesis of tb^ mmejral origin of naphth% expounded fyrllwr oq. 




CARBON AND THE HYDBOC.I EBONS 

inountun chaing,*' because water with iron carbide ought to give iron 
oxide and liydrocarbona." Direct experiment proves that the Eo-callej 
^Ugeleiun {miuignniferous iron, rich in chemicalt; combined carbon) 
when treated with atids gives liquid hydrocarbons"' which in com- 

" During tbe uplieinl o[ moanUin rtusot orevum would be formed Hi the pwk* 
wilh openlngB u[>uiiidt, and 4t the loot ol tlie mounUlna vitU openingi doumwudi. 
Th«iv enclti m Murse ot tinio fill np, but the fODniter Ihs iDOnnluna the treiha the 
tneks (Ilia Ailegl»ny mountnmi ue, without doubt, more iLiicieol tliu the Ctuiruiiin, 
whieli were formed <luriiiE the lartiart epoch) ; Ihrougli them uriter mnri glin Keen 
iftp iiilo the TKBuei ol -tlie euth to an eit«st that conM not otcDi on the leiel (on 
pUina). The aituilion of naphtha at tlie foot ol maunlain chaina la the pcincipti 
•rfiuunt lo my hypolhesia. 

Aootliei Inndamental raaaon ia the conaideratian of the meui deatitj ol the sarih. 
CaTaodish, Airy, Comu, Boya, and many othara who haie iovflitigated the anbject bj 
Tuioua methoda, lonnd that. Inking water - 1, the mean denaitj of the earth ia noul/ 
E't, Ai at the auHaee water and all rocki (a*nd. day, linteitone. granite, £<?.) haie & 
deniity leaa Uian S, it ii eiident (aa solid aubitsncea An but alighlly compteasible erea 
nndei the greateat pMUuTa) that iniide the earth there we aDbslon«> ot ■ greater density 
—Indeed, not leaa than T or a. 'What coBduilon, then, can be arrived at? Anything 

bnt Umraghout the whole aolar ayatem, lor everything tends to ihow that the Bun and 
plaaet* are tormed from the snme milerUI, and according to tha hypotheiii of Luplase 
ud Kant it i> most probable, and indeed mnst neoeaaarily be held, that the earth and 
pUneti are but Imgnenti ol the eolar atinosphere, which have had time to cod con- 
•iderably and become maatea aemi-liquid ioaide and loUd outaide, forming both planeU 
u>d aalellilei. The aun amongct other heavy elemenU containa a great deal at inn, 
«■ ahown by spoctmm analjrsia. There ia alao much ot it in an oiidiied condition on 
the aorfaf e of the earth. Meteoric atonea. carried sa fragmentary planeta in the aoW 

reatrial onea. often contain either dense maaaei of iron (for eiample, the Falloaovo iron 
peaerved in the Bl. Petersburg Academy ol Sciencea) or granular nuttea (for inalanca, 
the Okhanak meteorite ol ie«6|. It la therefore poaaihle that the interior ol Ihe earth 
eontaina much iron in a metallic alate, Thii might be anticipated Icom the hypotheaia 
of I^plaee. for the iron tnust have been cam|ireaaed into a liquid at that period wheu 
the ether component partaof the euth wen atill atrongly heatad, and otidea ol iron 
MUld not then hare been farmed. The iron tin eovend with alaga (miitoret ol ailicalea 
like glaaa fnaed with rocky matter) which did not allow it to bum al the eipenie of Ihs 
oxygen ot the atmosphere or ol water, jnal at that time when the temperature ol the 
earth wai very high. Carbon waa in the aame elxle; ita oiidee were also capable ot 
diaaoeiatlon (Deville); it il also but alightly volatile, and haa an aRlnity lor iron, and ima 
carbide ia found in meteoric itonea (aa well at carbon and even the diamond). Thus the 
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potiti<m» appeftnaot, and properties are eompletely identical whli 
aaphUia.*<^ 

^ ProbftUy naphtlui wm prodaoed daring the npheav*! of all moantain dutini, tmi 
only in some CMea were the oonditions iavotur&ble to Ht being prenerved nnderground. 
Th« wat«r penetrating below fonned there a miztare of naphtha and watery raponrt, 
and thb mixtove ieeued throng fieeoree to the ooU parts of the earth's cnift The 
■apktha Tapours, on ooDdenaiQg, formed naphtha, «^i<A, if then were no obetaelee, 
appeared on the sariaoe of land and water. Here part of it soaked through formationt 
(possibly the bituminoas slates, schists, dolomites, drc, were thus formed), another pari 
was eairied away on the water, beoame oiidiied, etaporated •and was driyen to tba 
•hoires (the Oaooasian naphtha probably in this way, during the exiatence of the Aialo> 
Caspian sea, was carried as far as the Sisran banks of the Volga, where many strata am 
iapregnatod with naphUia and prodnote of its oxidation rsaembling asphalt and piteh) ; 
a great part of it wat bomt in one way or another— tiiat is, gave carbonic anhydride and 
water. If the mixture of vapours, wattf, and naphtha farmed inside the earth had no 
free outlet to the surface, it nevertheless would find its way through fissures to tha 
■nperior and colder strata, and there beoome condensed. Some of the fonnations (days) 
which do not absorb naphtha were only wsahed away by the warm water, and fonned 
ttod, which we also now observe issuing from the earth in the form of mud voloasoeai 
The neighbourhood of Baku and the whole of the Caucasus near the naphtha dia- 
liriots are full of such volcanoes, which from time to time are in a state of emptioo. Ib 
old naphths beds (such aa the Pennsylvanian) even these blow-holes are oloeed, aai- 
the mud voloanoee have had time to be washed away. The naphtha and the gaaeooa. 
•hydrooarbons fonned with it under the pressure of the overlying earth and watar im- 
pregnated the layers of sand, which are capable of absorbing a great quantity ol mch 
liquid, and if above this there were strata impermeable to naphtha (dense, clayey, damp 
strata) the naphtha would accumulate in them. It is thus preserved from remote geo- 
kgioal periods up to the present day, compressed and dissolved under the pressure oC 
the g^es which burst out in places forming naphtha fountains. If this be granted, it 
mi^ be thought that in the comparatively new (geologically speaking) nunintain chains^ 
aimh aa the Caooaaian, naphtlia is even now being formed. Such a supposition nflif 
«iplain the remarkable fact that, in Pennsylvania, localities where naphtha had beea 
H^&dly worked for five years have beoome exhausted, and it becomes necessary to cam- 
itantly have recourse to sinking new wells in fresh places. Thus, from the year 1859, 
the woddngs were gradually transferred along a line running parallel to the Alleghanr 
■Knutaina for a distance of more than dOO miles, whilst in Baku the industry datm 
from time immemcnial (the Persians worked near the village of Ballaghana) and up to the 
pceeent time keeps to one and the same place. The amounts of the Pennsylvanian and 
Baku annual outputs are at present equal— namely, about 850 million poods (4 miUioa 
tons). It may be that the Baku beds, aa being of mons recent geological formation, are 
not so ftxhausted by nature as thoee of Pennsylvania, and perhaps in the neighbourhood 
of Baku. naphtha is still being formed, which is partially indicated by the conUnned 
aotivity of the mud volcanoes. As many varieties of naphtha contain in solution solid 
slightly volatile hydrocarbons like paraffin and mineral wax, the productioil of osooerite, 
or mountain wax, is aooounted for in conjunction with the formation of naphtha. 
Oiooerite is found in Galicia, also in the neighbourhood of Novorossisk, in the Caucasus, 
and on the islands of the Caspian Sea (particularly in the Chileken and Holy Islands); 
it k met with in large masses, and is used for the production of paraffin and eeretene, 
iot the manufacture of candles, and similar purposes. 

A$ the naphtha treasu/esof the Caucasus have hardly been exploited (near Baku and 
near Xonban and Orosnyi), and as naphtha finds numerous uses, the subject presents 
most interesting features to dtemiats and geoIpgistl^ and is worthy of the dose attention 
«l practical men. 




C ftnlijdride (or carbonic acid or carbon dioxide, CO,) was tll^ 
first of all gases dlBtioguished from atmospheric air. Faiueelsns and 
Tan Helmont, in the sUteenth century, kae« that on heating liroestoDV 
a particular gas separated, «hich is also formed during the olcohoHo 
SeratKitatiou of saocharine solutions (for instance, in the manufactarQ 
of wioe) ; thej tnew that it was identical with the gaa which is pro- 
dneed bj the oombiution of charcoal, and (iiat in some cases it is foond 




in tiatnre. In conrce of timo it was found that this gas is absorbed by 
■tkali, forming a salt which, ander the action of acid, again jields tliia 
oame gaa. Prtai^ttef found that this gas exists in air, and lavoisier 
detomined its furmatiun during respiration, combustion, putrefscljon, 
MhI dnriiig the reduction of the oxides of metals by charcooi ; he deter- 
mined its composition, and showed that it only contains oxygen and 
wrbon. Bandiiu, l>umas with Staa, and Bwooe, delarauoed ita cow 
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tttJtL'^^: '( '" '!")!' [I'Mition hy volume of Uiia gu ii dctcniiBed frwn th» 
filf>( 'l,.,»'l>Miii;f ilixcombiMtionof ch«rcOB]ifioxjgeB,U>«volwDftrE^aiaB 
finef-'i'ii;") , 'liii>' in to My, earbonie anhydriik occmpiea At mmevolm^ 
im If"- '"iiW" "/"''' '' funtdirM— tliat is, the atoms «f thecartxn ai^ 
m h, »(*»li , •'jiiw.wl in UIWW.U the atoms of theoxjge^ O, a>)ca|«ai 
hr'f vuluiriM •fl I" » m-jleoulo of ordinwy oiygw ; OO, Efcvvia' 
tAf^fiptm two ^f.lomi-1, ftnd oxproiiK« the compodtua nd boImmIm 
Wfi0tt. Ill tl.< w>*, C»rbowio anbydrido exiita in nohnv, botk to » Eras 
•«««* flfifl |r> lh» inf>»t variod uompouods. In a free itate it ii il-rmym 
(Mrfji)'!"! C'li'^iitT V.) in the air, and in solatioa ia ia all kinds of 
^^li^^■t tt. I* i>vnlvnl frnni volcaiiooa, froru mountain fistoits, oiu) tm 
tmUf nt¥tm TliB WHll-linciwn Dos grotto, n«ar Agnano on the h».J at 
ttH\m, n-»r Unfl"*, furnlaliM tho twst knowa example of such on «T«4a> 
H'lh Niii>llHr*'F<ir'«iufutrU>nlo anhydride are also found in otberplaon. 
In l/t»t'"; 1'ir liinluiioa, thHni ii a woUkuown poiBonou* fountain in 
Ahv^ik""' Ii U *> niurid lioln, turroundcd with luxurious v<^tatica 
Wfff Mifia'aliLly nv<i|v]|if[iiarlionir? anhydride. In the woods sDrrounding 
Mo liO'-ltKr Huu iinar llin Illibu, iu .the neighbourhood of extinct vol- 
MNKMt, DiofH i* 'I ilapnwilon oonitantly filled with this some gaa. Ths 
tt,"^a wlil'ti llr I •( till* I>Ibm [itiHih, animals being unable to brcatbft 
tiih If* ''I'" '''"'• 'hmrltiK Ihn iiiBoclB also die, and this is turned lo 
f/tiiHi- iif Lhu I'll it I'ltHiiaiili'y. Many mineral springs cony ioWthe air 
tuuinii'iii* •fiimiUiiM i,f iJiiii({Hii. Viohy in France, Spritdel io G«niiaaj, 
iui4 Munuii ill Huwla (In Kisliivodnk near Fiatigorsk) are known for 
iiiftf uiiii'iiiaiiid fjumiua walflra, Much of this gas is also evolred in 
UiiiMi, '^IIm»i>, dlijijiiius, and well*. People descending into mch plaoea 
M« ■ull<)>;al«d, 'I'liu uuiiiliuttliin, putrefaction, and fermentation of 
tH'iiMi'*'- *'ili*luiii:i<ii glva liin to the formation of carbonic anhydride. 
ti la nlwi iiiti'nlucul ini<i tlia atmosphere during the respiration of 
Milumla at all liiuiia unil during the respiration of plants in darknea 
uMi *la>i lUnUtii llirlr growth. Very aimple experiments prove tho 
L/nimtiiiii iif ■:Hii;'fiiii< iinliydride under theie circumstances ) thua, for 
u«Mu|/l«, If tlm ail' Axpallod from tho lungs be passed through a glaas 
tuliu iiilu a traiiaparniil ti-ilution of lime (or baryta) in water a whito 
|fftiuij>it4it4 will soon bo formed conBisting of an insoluble compound ot 
Hum aiul cof lioiiic anhydride. By allowing tho seeda of plants to grow 
onder a IkII jar, or In a closed vessel, the formation of carbonic anhy. 
drtde Duty !>■) ainiilarly confirmed. By confining an animal, a mousey for 
inatencfl, under a bell jar, the quantity of carbonic acid which it evolvM 
Bftj b« exactly determined, and it will he found to be many gnuna per 
d*7 for a mouse. Such experiments on the respiration of animaU bava> 
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beea alto mule vith great sKactitade with large aniinal!i, mich aa men, 
bolls, sheep, ic. By means ot enormous hermetically closed bell 
receiven and the analysis of the gases evolved during respiration it vaa 
fcnind that a man expels about 900 gmms (more than two poanda) ot 
carbonic anhydride per diem, and absorbs daring this time 700 grams of 
oxygen.' It must be remarked that the carbonic anhydride of the air 
constitutes the fundamental food ot plants (Chapters IIT., V., and VIII.) 
Carbonic anhydride in a state of combination with a variety of other 
■abstances is perhaps even more widely distributed in nature than in a 
(roe state. Some ot thcEe substances are very stable and form a large 
portion ot the earth's crust. For instance, limestones, calcium carbonate, 
OaCOg, were formed as precipitates in the seas existing previously on 
the earth ; this ia proved by their stratified structure and the nnmber 
ot remains ot sea animals which they -frequently contain. Chalk, 
lithographic stone, limestone, marls (a mixture of timrstone and clay), 
and many other rocks are exampIeH of such sedimentary formations. 

> ThA qnADtiiy of curttonic iuid|{u exbuUd bf a mia during Cha twfliLty-foDr hours 
U not flvciily prodoud; during the nig,ht more oijgep is lAken in thim durmf 
d*7 (by night, in twelT<hODTm, nbont 450gruna].uidinDie cmiboiuD tnliydTlde ii w 
ntl«d bj dny UUD daTing nighl-tune ind npOMi tbna, of the 900 gcuiu piodacaS ' 
dnriitg the tweuty-faor houn ibcmt B7S are giTen out danag tiie night and Att by d^. 
Thli dapcnda no th« fonoation of cutwDio anbjdnde during Lha nork pnfannad b;r Hm 
mux la Uu da;. Evar; moTsment ia the tesalt ot come change of matter, lor 
loree cannot be utf-cTsabod (in accordanee witb the lav of the conaervation ol aa«rgj). 
PieporUonnllr to tb« unoont of earboD eoaiomed ui amount of energy i> iloied up 'm 
lha oifaitlani and ii tonBiuned in the vaiioiu moreauntB perlormed hy animrUi. This 
la pnvad bj th« fact that during worh a man cihalei S2G gnuns ol cubonis anh; drid* 
in Itralve hoara instead of »7B, abiorhing the same ruoount of oiygea as before. Aftet 
a vorkiag day a man exhalai bj night alniott the aama amount of carbonid anhydride 
M alter a day ot niit, to that dating t totdJ twenty-loiu houra a man tilioltt abont 
000 gruni ol carbonic anhydiids and absorbs about BSO grama ot otyg^n. There- 
lore daring work the obanga ot matlai increusai. The caH>Do eipeoded on Uia vorft 
la obtained from the food; on Lhia aocoont the food of aoimata ougbt certainly to 
contain carbonaceODB subttiuiceg cepable ol diuolving onder th* action of the digHttra 
flnidi, and ot paulng Into the blood, oi, in other wo'da, capable ol being dlgeitad. Sudi 
food lor man and all other aoimalH ii fonnad of vegetable matter, or o( parti of othM 
aaimala. The Utter <n every case obbun tbeir corbonaoeoui matter from planta, ia 
which it li formed by the leparntion ot (he carbon from the carbonic anhydiide taken 19 
doiliig the day by the reipiration ol the phule. The volume ol the otygen exhaled by 
plant! la alnott eqoal to the volomo ot the carbonic anhydride abtotbed ; that ia to fay, 
uearly all Ibe oiygen ootvriiig into the plant in the form ot cnrbonio anhydride ia libe- 
tfttod in a tree state, whilst (he catbonltom the carbonic anhydride remainiin the plant. 
At the eune time the plant absoibl moialure by iti leaves androota. Byaprocaaawhiek 
la nnkaom to us, this absorbed moiiton and the caiboa obtained bom the carbonic an- 
hydride enter into the eompoaition ot the plants in the form ot socsJled carbobydrate^ 
composing the greater part ot the vegetable tieeucB, slArch and cellDloie of the com- 
poiKion CflBioOi bdng representalivea ol them. They may be conaidend Uke all carbo- 
hydiata aa componndi ol carbon aad'wtlot, 6C + elljO. In tbia w^y a circalotton ot 
Ike oarboD goes on is natore by measi of vegetable and aainul organianu, In «1u«h 
changes the principal factor is the carbonic anhydride of the air. 
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Carbonates with various other bates— aach as, for inttance, magnesfar 
ferrOQS oxidn, tine oxide, ice. — are oft«n found in nature. TheshellBof 
mollusca also have the composition CaCO,, and many limestonea 
exclusively formed tvom the shells of minute organisms. As carbonia 
Anhydride (together with water) is produced during the combustion of 
all organic compounds in a stream of oxygen or by heating them with 
Bubstances which readily part with their oxygen— for instance, with 
copperoxide— this method is employed for estimating the amount of 
carbon in organic compounds, more especially as the CO] can be eaailjr 
collected and the amount of carbon calculated from its weight. For 
this purpose a. hard gloss tube, closed at one end. is filled with it 
mixture of 'ho organic substance (about 02 gram) and copper oxide. 
The open end of the tube is litted with a cork and tube containing 




1 



Fio. tl.— Apptntsi 



r thfl DinnlHiitlM of orguilo r 



calcium chluride for absorbing tbo water formed by the oxidation of \ 
the substance. This tube is hermetically connected (by a caoutchouo 
tube) with potash bulbs or other weighing apparatus (Chapter V.) con- 
taining albali destined to absorb the carbonic anhydride. The increaio 
in weight of this apparatus shows the amounts of carbonia anhydrido 
formed during the combustion of the given substance, and the quantity 
of carbon may bo determined from this, because three parts at carbon 
give eleven parts of carbonic anhydride. 

For (he prfpaTolJon of carboaie ankydTide in laboratories and oEtea 
In manufactories, various kinds of calcium carbonate are used, b^g 
treated with some acid i it is, however, most usual to employ the so- 
called muriatic acid — that is, an aqueous solution of bydrochlorio aoidt 
HCl — because, in the first place, the substance formed, calcium 
chloride. CaCl,, is soluble in water and does not binder the further 
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action of the s-cH on the cnleium cnrbonate, and secondly becauae, as 
we shall iee further on, niuriatie acid is a common product of chemical. 
works and oneof the cheapest. For calcium carbonnte, either limestone, 
chalk, or marble is used.' 

CaCO^ + 2HCI = CaCl, + H,0 + CO^. 
The nature of the reaction ia this eaae is the Mtue as in the decern* 
position of nitre by sulphuric acid ; only in the latter case a hydrate is 
formed, and in the former an anhydride of the acid, because the 
hydrate, carbonic acid, HjCO,, is unstAble and as soon as it sepanttea 
decomposes into water and its own anhydride. It is evident from th« 
explanation of the cause of the action of sulphuric acid on nitre that 
not every acid can be eoiployod for oblaiatng carbonic anhydride ; 
namely, those will not sot it (I'ee which chemically are but slightly 
energetic, or tliose which are insoluble in water, or are themaelves as 
volatile aa carbonic anhydride.' But as many acids are soluble in 
water and are less volatile than carbonic anhydride, the latter is 
evolved by the action of most aoidB on its salts, and this reaction takes 
place at ordinary temperatures.* 

' Otfaecuida rnhj be Dud jiiil«ad of h jdnmhlorio ; tor inslaiioe, Motic, or even 
■otphuric, slthoBgh tbia litter la not aoitublB, because it iDimi M t, pniduot Insoluble 
cidclurn sulphite (gypiain) which Barronnda tlia untouched calcium cuboaaEft, uid ihuf 
pnveiitt t, Farther evolution of gt.: But if porou* limettooe— for iniluiee, ohilk— bft 
treated with autpharic *cld diluted irith ui equal lolume of water, the liquid ia sbiorbail 
uid acting on the nuu of the aalt, the eiolnllon of cubonic uihjdride eonlinuei evenly 
far iloog time. Instead ct calcium carbonite athac cubonatea maiy ol cooru bs.iiied; 
tor inibuice, vubing-aodi, Niu,COj, which i< atlsn chOHn when it ii teqnind to prudoea 
a npid fltreun of carbonic ajihydride (for fliample, for liquefying it). But natnnl 
crjttlUide nu^ebiom ouhanite and almilLr ulta ue with dilflcalty decompoied by 
hjdTochloric and aulphuria K^ida. Whoa tor minnfacturiii^ purpoaea — for initdjice. in 
precipilsling lime hi nngu-worliB — a largo quantity ol carhanic uid ^a ia required, it 
la generally obtained by burning charcoal, mnd the product! of oatDbaaiioD, rkh in 
cuhonii: anhydride, arc pompad into the liquid conlaiaing Iha lime, and the carbonic 
anhydride i« thai abaorbed. Another method ii aim ptacliKd, vltidi coniiali in uaing 
the carbonic anhydride aeparated during fermentation, or that e^'olvcd from limekilna. 
During the fermentation of iweet-wott, ^rape-li;Ice, and other aimilar aaccharine tola, 
tlons, the glucoee CgHuOg changea under the influence of the ynLtt orgiuiiiiii, forming 
alcaliol <llC,HgO), and cirbonic anhydride (SCO,) which eepiuilea in tho funn of gu ; It 
the fermenUtion proceed! In closed Iwtllea aparkling wine la oblsined. When carixmio 
acid gaa ia pnpared tor aatnrating water and other beveragea il ia neceiury to nie it 
hi a pure slate. Whilat ui the atale ui which it is eiolved from ordinary limeatonea by 

llmeilona ; la order to diniiniah the quantity of tlieee substance! the densest klnda of 
dolomite! are uned, which contain leaa organic matter, aod the gaa formed ia paasecl 
through Torlou! nithing sppanLtU!. and Hum throngb a solution of potaaaium perman- 
ganate, which ahsorba organic mutter and does not take up carbonic anhydride. 

» HypoohloroU!scid,HC10,andit!WihydridD,CljO,donotdisplaco carbonic acid,ana 
carbonic acid aa nitric acid to hydroohlorio — 
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It ia (La example of those gaseous substancea which h».ve been 
long ago transformed into all the three states. In order Co obtain 
liquid carbonic anhydride, the gas must be submitted to a prea- 
Bure of thirty-six atmospheres nt 0".' Its absolute boiling point 
B-1-32°.' Liquid carbonic anhydride ia colourless, does not mix with 
water, but is soluble in alcohol, ether, and oils ; at 0° ita specific gravity 
fe 0-83.">'' The boiling point of this liquid Ilea at —80°— that i» 
to say, the pressure of carbonic acid gas at that temperature does 
not exceed that ot the atmosphere. At the ordinary temperature tho 
liquid remains as such for some time under ordinary pressure, on 
account of its requiring a considerable amount of ,heat Cor its 
evaporation. If the evaporation takes place rapidly, especially tf the 
liquid issues in a stream, such a decrease of temperature occurs that 
ft part of the carbonic anhydride is transformed into a eolid snowy 
moss. Water, mercury, and many other liquids freeze on coming into 
contact with snow-like carbonic anhydride.' In this form carbonic 
anhydride may be preserved for a long time in the open air, because it 
requires still more heat to turn it into a gas than when in a liquid 

The capacity which carbonic anhydride has of being liquelied stands 

OrUin lap» of time, ths urbonic iinhydnde will be di([ii»d tluougliont the t«I«I, klid 
form • anitonn mlilura with (he ^. JdbI u ull in wfttar. 

' Thii liquefaction wu Ant obeervocl by FtaAity, nho Kiiei up in n Ubii a miitura 
Ct a carbonila uid lulphiuia uid. Aftenruda thli Tnetliod wu very convdgnbl;^ im- 
proved by Thilocicr and Natterer, whoa« (.ppariLtnt i> given in Chuptec VI. In deicrib. 
bg NiO. It ii, however, DKeuuy to remark Uut the piepanlion at lictnid carbonio 

of Urge nuiMei of oubooic anhydride. 

■ Carbonio aDbydride, having (he nius tnolecnliu; welglit u nitroui oilde, very much 
rewmbleg It when i» a liquid itat«. 

■ >>'> When pouted Into a tube, wliicb is Uien aaaled up, liqnefted carbonio aniiydrids 
mi b« easily preKcved, because a tbick lube mily inppmiB tho pieiBure (abonl GU 
■Imoapheret) exerted by (he liquid at the ordinaiy tflmparotuiv. 

■ When a fine itream ot liquid carbonic anhydride ii ditchuged into a cloted nietallia 
WBul, about one-(hiTd ot iM miBB aolidiBea and (ho remainder evapontea. In etuployiog 
•olid carbonic anhydride [or making eiperimenls at Ion lemperatam, it la best to oh il 
tnlMd with ether, othenrife there will be few pcunti of conUut. tl a ilnwm ot air bs 
Mown throDgh a mixture ot liquid carbonio anhydride and ellier, tlie ev^nration proeeeds 
npidly, and great cold It obtained. At present In tome t|wcia] nunutaetanei (and fat 
making artiflcial miiiend waters) carbouic anhydride ii liquefied on tlie targe scale, flllsd 
into wrought-Iron eylinden provided with a valve, and in this manner it can t» tiau- 
petiod and preserved safely tor a long time. It is used, for initance, in bi^weriea. 

' " " anhydride, notwiilistonding its veiy loa t« 
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*itli t*rWiii; ar.hy'lri'l<; t/rin;;* abfint the destrartion of manf rocfcr 

f'lromtif/na IfJ rii(i'iv-in(( Uift Him, alkali, 4c., iroin tbeia. Thi« piocea 

liM Vin ji^rtii^ on and cmtintiA* uii an cnoriDtnis wotiK. Rocks 

ie-yain^, ^lA c/jni^ncntlj the refhgcr&tub b dhb« 
lk« mxj }^ Jiiiwfi«d wbicb R«ikt other tnrthfd* 
uid Ku, lad oUier*. Liquid cubooic uilijdhda in 
» tm<» iii[i> ■ Kluny tT>ini|Annt puH. Pidct aTulad himialf al 
>ns many iHrrmmtfat ^faae* {ue Cha[>t4r XL) 
rtwInK Milid CO, in a cyliiiil« t>j maaoa of a piaton, obtained a 
whlvli ouiilnlndl aa much ai IB and arm 1-0 gtam of COj i^ 
hli fiirm Uio CO, iliiwly eiaporatcd, atid coold be kapt lor a ]aBg 
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l» tha •yilara oi Ul* wtrtti. Il ii thenloia raij 
«iM»<« t"l.«t • ►.(.■•i.-n. •.'luM.ni !■ •.>H»iliiw> m|»M> o( pwulntling pluu and BUisc 
Iho all"!.- -t tlo-it «•■« •nil .-aloinHi .-arkwoU Thii (■ om of lb* hmi ot ptthOad 
rUKl- ^'•li-iMtt |it»H(a»ta In xilnihw IH watar nwtalnln< sutunie acid plai« an im- 
tUtHKt (ml in llw MOMttttiiMml »t |)l*Kl«, W«aiM all ytaala gMtaia both lis* a^ 
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contain Bilica and the oxides of various metala ; smongBt others, 
the oxides oE aluminium, calcium, itnd eodiuni. Water charged 
with carbonic acid dissolves both the latter, transforming them into 
carbonates. The waters of the ocean ought, &b the evolution ol (he 
carbonic anhydride proceeds, to precipitat* salts of lime ; these »ra 
actually found everywhere on the surface of the ground in those places 
which previously formed the bed of the ocean. The presence of car- 
bonic anhydride in solution In water is essential to the nourishment 
and growth of water plants. 

Although carbonic anhydiide is soluble in water, yet no deSnit» 
Dydrate is formed ; " nevertheless an idea o( the composition of this 
hydrate may be formed from that of tho salts of carbonic acid, because 
a hydrate is nothing but a salt in which the metal is replaced by, 
hydrogen. As cirbonic anhydride forms salts of the compositioa 
KqCOj, NajCOj, HNaCOj, ic, therefore carbonic acid ought to have, 
the compojiition H,COj — that is, it ought to contain CO, + H,0., 
Whenever this substance is formed, it decomposes into its component 
porta — that is, into water and carbonio anhydride. T/ie aeid propertied 
of carbonic anhydride " ^^ are demonstrated by its being directly ab- 
sorbed by alkaline solutionsand forming salts with them. In distinctinn 
from nitric, HNOj, and similar monobasic acids which with univalent" 
metals (exchanging one atom for one atom of hydrogen) give saltQ such' 
OS those of potassium, sodium, and siU-er containing only one atom of the- 
metal (NaNO,, AgNOj), and with bivalent " metals (such aa calcium, 
barium, lead) salts containing two acid groups— for example, Ca(NOj)„ 
Pb(N03), —carbonic acid, H,COj, ii bihaaie, that is contains two atoms 
of hydrogen in the hydrate or two atoms of univalent metals in their 
salts: (orexample, Ka^COi is washing soda, a normaUalt i NaHCOjia 
the bicarbonate, an acid salt. Therefore, if M' ho a univalent metal. 
Its carbonates In general are the normal carbonate M'jCOj and the 

" The crjiUlIghydoite, COi,eH,0 of Wioblcwski [Chuplit L, Note 87), In tlia Bni 
ptac*, Ta ouly formed under special conditioDi ; in the aecond place. Ittf exisLence itiLl 
requlrei confiimiition : uid in tho Uiirdptixe, It does not ooRtEpoud witli Umt UydutS' 
RjCO] nliich ihould occur, judging 11am the compoiition ol tlie ulti. 

" ^" li IB HUf lo demon atriLte thekcfd pro|i«nie> of ckrbonic gnhfdride b; titlring * 
■ - ■ - ■ - ■ -■ henflllodw:' 
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tube and tbe open end b 

eotked end plunged into walor. II the cork be doit withdrawn under h&U 

will fill the tube. The Tucuum obUtnad b; the ahiorption o( the carbcnie HiihjrdTidD b]r ' 

an alkali la ao complete thai eren an electric discharge nill not pua through it. Tilia 

Bielhod is often applied to produce a (acoum. 

" The teaaona for di»linguiihing the nni-, bi-, tri-, and qoadri-valent metal* will bo 
MpUIned hereafter on p»»abg from the nnivalant melaJ* (N«, K, LI) to the bi»leal 
IHg, Ca. Ba), Chapter XIV 
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add carbonate, M'HCOj ; or if M" be a biTalent metal (replacing H,) its 
fOonual carbonate will be M^'CO, ; these metah do not usually form acid 
aalts, ae we shall see further on. The bibasic character of carbonic acid 
is akin to that of sulphuric acid, HsS04,^' but the latter, in disUnctioa 
fit>m the former, is an example of the energetic or strong acids (such at 
nitric or hydrochloric), whilst in carbonic acid we observe but feeble 
development of the acid properties ; hence carbonic acid must be con- 
sidered a irtak acid. This conception must, however, be taken as only 
comparative, as up to this time theie is no definitely established rule for 
measuring the enorgy ^* of acids. The feeble acid properties of carbonio 

'^ Up to the year 1840, or fhereabont, acids were not distingaished by their lMuridty4 
Graham, whil« ttadying phosphoric acid, H5PO4, and Liebig, while ttodying maayoxganlo 
adds, di«iingui»hod mono-, bi*, and tri'basio adds. Gerhardt and Laurent generalised 
these relations, showing that this distinction extends over nuiny reactions (for instance^ 
to the faculty of bibasic acids of forming acid salts with alkalis, KHO or NaHO, or with 
alcohols, RHO, ^'c.) ; but now, since a definite conception as to atoms and molecolea 
has been arrived at, th^ basicity of an acid i» determined by the number cf 
hydrogen atomif contained in a molecule of the acid, which can be exchanged for metals. 
If carbonic acid forms acid salts, NaHCOs, knd normal salts, NasCOj, it is erident that 
the hydrate is H-^COs, a bibasic acid. Otherwise it is at present impossible to acoooni 
for the composition of these salts. But when C » 6 and O a b were taken, then the fonnalft 
COj expressed the comi>osition, but not the molecular weight, of carbonic anhydride ; and 
the composition of the normal salt would be Na-.C^O^ or NaCO.-,, therefore carbonio add 
might have been considered as a monobasic acid. Then the acid salt would have beea 
represented by XaCO},HCOj. Such questions were the cause of much argument anMif- 
ference of opinion among chemists about forty years ago. At present there cannot be two 
opinions on the subject if the law of Avogadro-Gerhardt and its consequences be strictly 
adhered to. It may, however, be observed here that the monobasic acids R(OU) wer» 
for a long time considered to be incapable of being decomposed into water and anhydride, 
and this property was ascribed to the bibasic acids R(OH)j as contiiining the elements 
necessary for the separation of the molecule of water, H^O. Thus H3SO4 or SO^COH)}, 
H9CO3, or C0(0H)9, and 4>ther bibasic acids deeomiXMe into an anliydride, RO, and water, 
H3O. But as nitrous, HNOji, iodic, HIO9, hypochlorous, UCIO, and other monobasio 
acids easily give their anhydrides N2O3, I3O3, CI3O, &o., that method of distinguishing 
the basicity of acids, although it fairly well satisfies the requirements of organic chemistry, 
cannot be considered correct. It may also be remarked that up to the present time 
mot one of the bibasic acids has been found to have the faculty of being distilled without 
being decomposed into anhydride and water (even HsSOj, on being eyaixirated and dis- 
tilled, gives SO3 + H3O), and the decomposition of acids into water and anhydride pro* 
oeeds particularly easily in dealing with feebly enei^etic acids, such as carbolic, nitrous, 
boric, and hypochlorous. Let us add that carbonic acid, as a hydrate corresponding to 
marsh gas, C(H0)4 = CO3 + 2H2O, ought to be tetrabasic. But in general it does not form 
such salts. Basic salts, however, such as CuCOsCuO, may be regarded in this sense, 
for CCua04 corresponds with CH4O4, as Cu corresponds with H3. Amongst Um 
•thereal salts (alcoholic derivatives) of carbonic acid corresponding cases are, however, 
observed ; for instance, ethylio orthocarbonate, 0(0.^^^0)4 (obtained by the action of 
chloropicrin, C(N0.^)Cl3, on sodium ethoxide, CaHtONa; boiling point 166^; spedflo 
gravity, 0-92>. The name orthocarhonio acid for CH4O4 is taken from ortliqphot^horie 
acid^ PH3O4, which corresponds with PH3 {tee Chapter on Phosphorus). 

** Long ago endeavours were made to find a meature of affinity of adds and btso% 
beeadse sojne of the acids, such as sulphorio or nitric, form oompantirtly stable isltf,4«>' 




Brad may, however, bejudged from the joint evidence of many properties, 
With such energetic alkahs aa soda and potnsh, carbonic acid forms 
normal salts, soluble in water, bat having an alkalbe reaction and in 

eompoud with dilGcaltj bi best mid wnur, wbilit ottaera, like wbonic ruid lifpocUloroai 
•Dldi, do not combine with feeblo buea,ud wilbmoitot theolbec busB (onn wltawliich 
tn eiAjlf dfloompoHd. The ume ma j be said with regud to bjuei, unong which tho^ ol 
potaninn, KjO, aodiiun, Na,0, ud bariam, BkO, rnvf Mcve u eiunples oF Iba moil 
pewertnl, becmiie thej combine with the moat (eebie Midi nod lorra » mue of olti ot 
giMl >t«bilit;, whilM M euJnpIeB of the teebleBl h«sn iliuninii, AljO], or bionuth Slide, 
Slfis, nw; be liken, becktue they focm utia euHj decompoied b; witter and by heik 
1( the mcid be TolUile. Bach & diriHon ol uide mnd biHS into the fmbiint ind moit 
lioverfnl a joiBifled bj all eridence concerning them, bad ii quoted [a thui work. But 
theteuhing of thii mbjact in certain oinln hu Mqnind qoite Bnewtooe, which, in m/ 
Of^nlon, cannot be uoeptrdwithoalMitainieaerTationi and criticimns, althoagii it com- 
prluamasTintamting frntnras. The hclii that ThomEen,OBlwBld,Bnd othon proposed 
toexpresa the mHanrs ol affini^ of acidi tobaiea hj BgaceB dtuwa Icom datant the 
tnMWre ot dltplacement ot ncida in aqneoue eolntione. judging (!) tiom the amount ol 
heal derdoped bj mixing a aalotion ot the lalt with a ulution of another aeid (tba 
kTiditf ot acida, aceonling to Tbomaen)', (9) from the change of the Tolnmei accom< 
IwiTuig anch a mntool action of ealnliooe (Oslwald) ; (8) from the ehange of tha 
Indei of Tefrnctioa ot eolDtioni (Oilwatd), &e. Besides thii there are many othet 
'inetbodi vlilch allow ni to fonn an opinion abatit the dietrihotion of batcB among 
Taririui aeide in aqnooiu tolntlooa. Some of thcw methodi will ho described 
hereafter. It onghl, howeTer, to be remarked that in making inreetigations in aqacou 
■olBtioni the alBnitj to water in generally left out ot sight. It a base N, combining 
with Mida X and X in preKooe ot them both, divides in soch a way that one- 
third ot it oombinea wilb Z and two-thirda with Y, a conoliulon ii formed that the affinity, 
H power ot forming aalti, ol the acid Y ia twice oa groat aa that of X. Bal the preBenea 
ol the water is not taken into aooounl. If the acid X hae an affinity for water aud for K 
it will be diitriboted between them; and if X baa a greater affinity for water than T, 
then leu of X will oombias with K than of Y. It, in addition to lhi<. the acid X ii 
capable of forming an acid salt NXg, and Y i> npl, (be conctaslDn ol the relative atrengOi 

, at X and Y will be still more emaeona. becaoie the X eet free will form luch a salt on 
Urf addition ol Y to NX Vc ahall see In Chapter X, that when iulphnric and nitrio 
•nidain weak aqnMnu aolntlDD aot onaodinm, they are distribnted exactly In thiaway: 
'ownaly, ooa'tUnlef thaaodinm oombinea with the enlphnrie and two-tbirda with tba 
ailiio aoid ; bnt, in my opinion, this does not show that aalphnric acid, compared with 
iittrie aeid, pa mm i bnt haJlthe degrmot affinity for baiea like soda, and only demoD- 
■liatea the greater alBnityolanlphnria acid for water compared with that of nitric add. 
In this way the methods of atndying the dlBtribation in oqtieouB aointions probably onlf 
abowi tile difference of the relation of the acid to abate and to water. 

In view of theee ooniideratione, altbongh the teaching of the diitribalion of salt- 
lOCming elemenli in aqucoulloluliovM ia an object of great and independent interest, il 
ewi hardly aerra to detarmine the meainre ot afBnity between hues and acids, Bimilar 

' eon^dantionsoaght to bo kept in view when determining tbeenergyot acids by mesne ot 
the efeelricnl «niiliic(ivt<j« of lliiiraittk loluliom. This method, propotcd byArrtenins 
(lesi), and applied on an eiteniive scale by Oatwald (who developed it in great detail ia 
till Zihrbueh d. aUgemeinan Chemi», r. U„ ISST), is tonnded on the fact that' the. to. 
UUon ottheap-callediiiotecDlsrcIectrieal'Condnctivityol weaksolationi of varlonr aoid* 

(I) ooincides with the relation in which the same acida itand according to the distribution, 

(II) lOand by one ot the abave-mealioned methods, and with the relation dodDced Id* 
Ikeni from obserratiniiB npon the velocity bf reaction, (tH) tor instance, according to th» 
gate ot the ■ph'lting up ol anethereaJ salt finto alcohol and acid), or From the rata of the so- 
tilkdiatttBloilalfagai— that i>,ll*tratiitormttion into glncose—aB is seen by oomparing. 
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many cases themselves acting as alkalis.' "^ The acid salts of these alkaliip 
NaHCOs and KHCO3, have a neutral reaction on litmus, although they, 
like acids, contain hydrogen, which may be exchanged for metals. The 
ncid salts of such acids— as, for instance, of sulphuric acid, NaHSO^ — 
have a c*early defined acid reaction, and therefore carbonic acid is un- 
able to neutralise the powerful basic properties of su^h alkalis as potash 
or soda. Carbonic acid does not even combine at all with feeble bases, 
such as alumina, AI2O3, and therefore if a strong solution of sodium 
carbonate, NajCOa, be added to a strong solution of aluminium sulphate, 
^.12(804)3, although according to double saline decompositions alu- 
miniuui carbonate, Al2(C0j)j, ought to be formed, the carbonic acid 
separates, for this salt splits up in the presence of water into aluminium 
hydroxide and carbonic anhydride : Al2(C03)3 + SHjO = Al2(0H)(i 
+ 3OO2. Thus feeble bases are unable to retain carbonic acid even at 
ordinary temperatures. For the same Reason, in the case of bases of 
medium energy, although they form carbonates, the latter are compara- 
tively easily decomposed by heating, as is shown by the decomposition of 
copper carbonate, CuCOj (see Introduction), and even of calcium carbo- 

the annexed figures, in which the energy of hydrochloric Qcid is taken as equal to 
JOO:— 





I 


II 


III 


Hydrochloric acid, HCl . 


100 


100 


100 


Hydrobromic acid, HBr . 


101 


98 


105 


Nitric acid, HNO3 


100 


100 


96 


Sulphuric acid, H59O4 » 


65 


49 


74 


Formic acid, CH^O^ 


8 


4 


1 


Acetic acid, C^H^Oj 


1 


2 


1 


Oxalic acid, C^^H.^O^ 


20 


24 


18 


Phosphoric acid, PH^Oj 


7 


~ 


6 



The coincidence of these figures, obtained by bo many various methods, presents a 
most^mportant and instructivo relation between phenomena of different kinds, but in my 
opinion it docs not permit us to assert that the degree of affinity existing between bases 
and various acids is determined by all these various methods, because the influence of the 
water must be taken itto consideration. On Uiis account, until the theory of solution 
it nfere thoroughly worked out, this subject (which for the present ought to bo treated 
of in special treatises on chemical mechanics) must be treated with great caution. 
But now we may hope to decide this question guided by a study of the rate of reaction, 
the influence of acids and bases upon indicators, &c^ all of which are treated fully in 
works on physical and theoretical chemistry. 

*s Thus, for instance, in tlie washing of fabrics the caustic alkalis, such as sodium 
hydroxide, in weak solutions, act in removing the fatty matter just in the same way as 
carbonate solutions ; for instance, a solution of soda crystals, Na^CO^. Soap acts in the 
same way, being composed of feeble acids, either fatty or resinous, combined with alkali. 
On this account all such substances are applied in manufacturing processes, and answer 
equally well in practice for bleacliing and washing fabrics. Soda crystals or soap are 
preferred to caustic edkali, because an excess of the latter may have a destructive effect 
on the fabrics. It may be supposed that in aqueous solutions of soap Oir soda 
crystals, part of the base will form caustic alkali ; that is to say, the water wUl compele 
with the weak acids, and the alkali will be distributed between them and the water. 
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iiBle^OftOO|. Only the normal (not the aoid) salts of such powerfal bases 
•spolassiinn and sodium are capable of standing a red heat without 
decomposition. The acid salts— for instance, KaHOOj— decompose 
even on heating their stations (2NaH00| ss Na2C0, + H,0 + OOsX 
evolving earbonio anhydride. The amount of heat given oat by the 
combination of earbonio acid with bases also shows its feeble acid 
pf€perties» being considerably less than with energetic acids. Thus 
if m weak solation of forty grams of sodium hydroxide be satu- 
rated (up to the formation of a normal salt) with sulphuric or nitrio 
add or another powerful acid, from thirteen to Mteen thousand 
cmlories are given out, but with carbonic acid only about ten thousand 
calories. >* The majority of carbonates are insoluble in water, and 
therefore such solutions as sodium, potassium, or ammonium carbonates 
form in solutions of most other salts, MX or M^Xs, insoluble pre- 
cipitates of carbonates, MsCO^ or M^OOj. Thus a solution of barium 
chloride gives with sodium carbonate a precipitate of barium carbonate^ 
BaCOj. For this reason rocks, especially those of aqueous origin, very 
often contain carbonates ; for example, calcium, ferrous, or magnesium 
carbonates, &c. 

Carbonic anhydride— which, like water, is formed with the develop- 
ment of a large amount of heat — is very stable. Only very few sub- 
stances are capable of depriving it of its oxygen. However, certain 
metals, such as magnesium, potassium and the like, on being heated, burn 
in it^ depositing carbon and forming oxides. If a mixture of earbonio 
anhydride and hydrogen be passed through a heated tube, the formation 
of water and carbonic oxide will be observed ; COj + Ha = CO + HjO. 

1* Although cAtbonio acid is reckoned among the feeble acids, yet there are evi- 
dently many othera still feebler — for instance, prussic acid, hypochloroos acid, many 
organic acids, &c Bases like alumina, or such feeble acids as silica, when in combination 
with alkalis, are decomposed in aqueous solutions by carbonic acid, but on fusion— that 
is, withont the presence of water— they displace it, which clearly shows in phenomena of 
this kind how much depends upon the conditions of reaction and the properties of thd 
•nbstances formed. Thche relations, which at first sight appear complex, may be best 
understood if wo reprcHont that two salts, MX and NY, in general always give more or 
less of two other salts, MY and NX, and then examine the properties of the derived sub- 
stances. Thus, in solution, sodium hilicate, Na^SiOs, with carbonic anhydride will to some 
extent form sodium carbonate andfiilica,8iOj ; but the latter, being colloid, separates, and 
the remaining mass of sodium silicate is again decomposed by^carbonic anhydride, so that 
finally silica separates and sodium carbonate is formed. In a fused state the case is 
different; sodium carbonate will react with silica to form carbonic anhydride and sodium 
silicate, but the carbonic anhydride will be separated as a gas, and therefore in tlio 
residue the same reaction will again take place, and ultimately the carbonic anhydride is 
entirely eliminated and sodium silicate remains. If, on the other hand, nothing is removed 
from the sphere of the reaction, distribution takes place. Therefore, although car- 
bonic anhydride is a feeble acid, still not for this reason, but only in \nrlne of its gaseous 
foim, do sJl soluble acids displace it in saline solutions {see Chapter X.) 

*5 
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But onTf I pMtion of tbe urtMolc •cU gM ■adngos tUi e 
Cberatore the rewtlt >ilt b« > mIxUre of Ckrtenk vAyinlt, a 
oiUe. bjdrogen, ftr^ ^Uer, whieh doet at* «nBierhrtber(iugB«ad» 
the actbn of facat. ' ' AKtioagti, like w>t«r, cwbook Anhydride it Cl- 
ceedinglf lUUe, I'lil on b^lciK kMt«d it puti&Uj iteompott* iaut etf 
bonfe oxide and oy;.g<i< Devillc slio<red that loch U tbe CMe if cu^ 
bonic •nhj'dride 1..v ['OH^'l through & loog tube cootuniag piotca at 
pOTMlain and heat.il to 1,300°. If the products of dMUBpoaitioB^ 
futtnely, the carboiii.: oiidc nnd oxygen— be gaddenly cooled, they can b* 
eoUeoted lepArAtely, although they partly reunite together. A nmilar 
deeompoiitioii of car)>^iilc anhydride Into carbonic cnide aod o^ge^ 
Uket place on [.^-.-^ing a serie* of electric (parka through it (fiJe 
Instance, in the eti^'l'jni^ter). Under theae conditions an tncreaW of 
■volume occuri, beri.jso two volumet ofCOj give two volumesof COaod 
one volume of 0. The decomposition reaches a certain limit (less Umo 
ODe-third) and d-.es not proceed further, so that tjio result U m 
■nixtare of carbonic anhydride, carbonic oxide, and oxygen, which 
U not altered in coinpo«ition by the continued action of the sparkst 
This is readily undtnttood, aa tt U a reverribte rBactioD. If th^ 
carbonic anhydriile be removed, then the mixture explodes vhen •. 
spark is passed an'l fotmi carbonic anhydridcr'' ^'' If from an identical 
I' Hydrogen and carbon (r« netr Mn to exjgta M ngarila sKnity, bot it ooglit la 
b* conalilcred tl»l tlie nffinity of lijdroRcn l> tlighllf greiter Ihu Uutl oT ctHwn, b«- 
caoM during the combuktion of hjdroctrboni thfl bjilrngen banii flnL Somif ide« ol 
tbi* limiUcitjr u( annity mty In lomi«d by th« quuility ot b«t erelved. Oueodt 
liydrogtn, H,, on combining irllh an itom of Diygm, O-'IB, iltvclopt as.OOO bHt-oniU 
It llie wtlii rormed b« condenttd la * lituid >tal«. II Die witor remilna in tbg lonn ol 
■ gBi (iMam) tl<« Utcnl beat oT cnpontion mutt b« lubtrlKM, and then WpDOO csIoHm 
will ba developtd. Carbon, C, m a lolid, ou combining with 0,-Ba dtTelopi aboat 
•7,000 calori«i, lorming gaHOni CO,. I( il «*r« gaaeoui like hjdrogen, and oa\j 
conUin«d C, in III ino1(cu1«, mucJi mora hMl 'ould be decelopcd, and fadginy 
by other HulMlancea, nbo» molecule! on pHilng liom Ihe wlid to the gaaeons 
>Ut« aUotb about 10,000 (o 11,000 caloriea. It inniE be held that gaaeoni caiboii oa 
forming giienii) carbonic anhydride would drvetop not leis thin 110,000 csli>ri«»~tbst 
la, approiiinalely twire a> inudi ai It developed in the fonnation of vatet And ■Inoa 
tliere ii twice ae much oiygeii in a molecal* ol carbonic anhydride ai in a molecnle of 
(rater, the otyuen dcveloin appro ilmaleljr tli* lame qusntity ol heat on combining irilfc 
liydrogeii «) with carbon. Thot it to aay, that hen we rind the ume cIoh affinity (t» 
Cbupttr II., Note 7| determined by the quantity of heat aa hetneen hydrogen, line, and 
Iron. For Ihii renHin lieu alto. •* In the cate of hydrogen and iron, we ought to eipaot 
an equal dt«lriUution ol Diygiii between hydrogen and carbon, if they are both la 
>in]ured ivilh the amount ol oxygen', bat il there be an eiccaaol carbon, il iril) 



I 
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liitl an eicniot hydrogen irill derompota carbonic anhydride, Eren 


11 ihcM phenomena 


and himiUronet have been explained In iiolttsd catet, a complet* 


(heorr ol the whole 


■ubjcct li ttill Hauling in the preient condition ol chemical kunw 


ledgo. 




'""The d,'ir(e 


. or reltl.re magnitude ol the diuoclalion ol CO,»an(. nrlth lU 
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nuture the oxygen (and not the carbonic anhydride) be removed, 
Mid a series of spnrka be agniti passed, the decompoiitioo is renewed, 
and terminates with the comptnte dissociation of the carbonic 
anhydride. Phosphorus is uted in order to etTect the complete absorp- 
tion of the oxygen. In these eianip!e« we see that a definite miicturo 
of changeable substances is capable of arriving at a state of stable 
equilibrium, destroyed, however, by the reraovat of one of the sub- 
Btances composing the mixture. This is one of the instances of the 
influence of mass. 

Although carbonic anhydride is decomposed on heating, yielding^ 
oxygen, it is nevertheless, like wat«r, an anchangeable substance of 
ordinary temperatures. Its decoioposition, as effected by plants, i> 
on this account all the more remarkable ; in this case the whoI» 
of the oxygen of the carbonic anhydride is sepai-ateil in the Ereo 
■tnte. The mechaniBm of this change is that (he heat and light 
absorbed by the pUnts are expended in the decomposition of the 
carbonic anhydride. This accounts for the enormous influence of 
temperature and light on the growth of plitnts. But it is at present 
not clearly understood how this takes place, or by what sepBrate in- 
termediate reactions the whole process of decomposition of carbonitf 
anhydride in plants into oxygen and the carbohydrates (Note I) 
remaining in them, takes place. It is known that sulphurous anhy. 
dride (in many ways resembling carbonic anhydride) under the action 
of light (and also of heat) forms sulphur and sulphuric anhydride, S0|, 
&nd in the presence of water, sulphuric acid. But no simihtr decompo^ 
■ition has been obtained directly with carbonic anhydride, although it 
torus an exceedingly easily decomposable higher oxide — percarbonic 
decmna, DerilU taond thiX U a preBiuri) of I ntmotiiliera in lh« llajne ol wrbonia 
elide burning in oijgsn, iLbaDtJO p«[ cent, of Uie CO, it dtcampouA wlien ths Unapan- 
turs is mboDt 8,000°, niid it l.tOO" le» t1»D 1 1«[ cent. (KinftB) ; whilit uiiiltr ■ pniKura 
ol to ■LDiospherin ibout U pei cent. » decompoHd&t a,aOO° (UilUcd <uid Le Ch>t«1ier). 
It totlDwi tlierefore Ibat, under Terf inuLlI iiieaHUrFi, llie diBtociitian of CO, nill bs 
cooiidenble steii ^l compuitlivel]' modente tempentoreB, lint at (he tempenton ot 
ordinuy tuniKei (sboDt 1,004°) eiea under tbe un&U p«rtUI pietauie of the Fubonlo 
acid, Ibers ue only imell truces of decompotilion which tmj be neglrdtad in t, prKliial 
nllmiUlon ol the combaHtioa of tuele. We auf hera site (lie maleculir ipecifla httt oF 
CO-j (r.e. tbe «nouDl of heii( required to rtiw U uoiU ot Height of CO, l"), accordipg 
to lh> deteiminstioiia nud cuIcuUtions o[ MelUrd and Le Ch&Ielier, (or ■ conetODt 
•slums Ci sO-M ' 0'00>7f : tor ■ oonttkiil pressure C, <= C. <- 1 (>9C Chftptei XIV., tfatn 7), 
t-s. (he speciSc hest of CO, (nareues ropidlf oitli <l rise of tsnipenture : let eumple, at 
'0°[pO[l part b)' weight), U in, st s comUot pmaure '■O'lSB.st l,DOO°-:0-17a,(t 3.000', 
■bout O'SKO. A perfectly di>(iiict riaa ol the apeciflc best (far eumi>le, s( B,000°, O'tOO). is 
giv-cn by & compKriion of obaervitions roiuls by tbe sbar«.ineDl<oniid Invsitigslon and by 
Benhelot snd Vieille (KouniitkDlT). The csou of this muat be looked lor in diuocistion. 
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acid ; '* and perbapa that is the reason the oxygen neparates. On 
the other hand, it is known tl\at plaola always form aud contain 
organic acid», and these must be regarded as derivativeB of varbooio 
acid, as is seen by all their reactiona, of which we will shortly treat. 
For this reason it un^ht be thought that the carboaic acid absorbed bj 
the plants first forms (according to Baeyer) fomiic aldehyde, CB,0, 
and from it organic acids, and tliat thete latter in their final traoa- 
formation form all the other complex organic substances of the planta. 
Many organic acidii are found in plants in considerable quantity ; for 
instance, tartaric acid, CtHfi,,, fouiul in grape-juice and ill the acid 
juice of many plants ; malic actd, C,UgO,, found not only in unripe 
apples but in still larger quantities in mountain ash berriea ; citric 
acid, C^H^O;, fouml in the acid Juice of lemons, in gooaeberriet, 
cranberries, &c. ; oxnlic acid, C,H,0„ found in wood<sorrel ftnd 
many other plants. Bometimes these acids exist in a free state in the 
plants, and sometimes in the form of salts ; for instance, tartaric acid 
is met with in grapt'S as the salt known as cream of tartar, but in the 
impure state called argol, or tartar, CiH^KO^. In sorrel wo find the 
BO-called salta of sorrsl, or acid potassium oxalate, CjHKO,. There it 
a very dear connection between carbonic anhydride and the above- 
mentioned organic acids— namely, they all, under one condition or 
another, yield carbonic anhydride, and can all be formed by means of it 
from Hubstances destitute of acid properties. The following examples 
afford the best demonstration of this fact : if acetic acid, C)H,0], the 
acid of vinegar, be passed in the form of vapour through a heated tube, 

!• I'BtoirbonicMid, H,COi( = HiC0s + Oli»happt)BadbyA. BKh(l8B8)tobefocii»<l 
from cubunio ui<l in ths iction ol light upon ptuits, (Id the uma muuiu u, Moocding 
to the *)iavo KlicmD, nulptanric acid [rom aulphuroun) nith the [atnution of aitKm, 
whJ<:h tamaina in tlie ronn of bydinleh oi carbon: SHJC0]-aU,CO,■^CH]0. Thl* 
■uliitaniMi CH,0 eipnaaca llie composition of fomiic »ldob}'de which, accmding to 
Uaayer, tiy iKilymcliution ^nd lartber chucet, girea otliec bydcitea of carbon and fonn* 
tliB Ur.t |.taductwliitih is formed in pUnti from CO,. And Bcrthelot (1873) ktd alitadf, 
at Ilia liina ol tha di>coTvr> of ponulphunc (Chaploi XX.) and pernitrio (Chaplar VI., 
NbiB Ml Kida poinlol out the foniution ol the mmtabk percaibooic anbydrida, CO). 
Thua, nolwilliatuidini: tbs Ijjiwthctical natora ol the above eqnatIoii.it ma; be admitted 
■II t)iu tlir.ni at it t.idaina tlie compaialive abundance of peroiido ol bydrogan (ScUSno, 
CtiH*Kr IV.) in Iho air, and Uiit also al tho period ol Iho most energatic growth of 
plaiitx.il July).bwau« percarbonic acid nhould bkc all peroiidoi eaaily giye H,0> 
llsMiIca oliich Iliich (lagi) ahoired thai, io the fint place, tnuca ol lonnic aldehyde 
ud i.iulxii.u atfenlM (CO- or H,Oj) are lonnod under the uuiulUneoua action nt CO* 
feul auiiliKl't ui"-" * wilulion cuntainuig a iiallol uranium (obicli iBoiidieed),and diethyl- 
•nillilB (wliiili RuU with CH,0), and H-condl;, that ty lubjecting BaOj, ihAken op In 
■al>ir,tolli«>cl>on ol a atieam of CO,m the cold, extracting laleo in the cold) with 
•thar, ami tlun aditinM an alcoholic i^lntian ol NaUO, cryitslline plates ol a BOdinm 
■all may !■■ obtainwl, which nilh waiaf evolve oij-gen and leave wdiom cubonate, 
laolii ue ol gntX Intereat and 
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it splits up into carbonic anhydride and mnreh gas = COj + CH,, But 
conTOrsely it can also be olitainod from those cotnponenta into whicb it 
deeomposea, If one equivalent of hydrogen in marsh gas be replaced 
(by indirftot means) by sodiutn, and Ihe compound CHjNa is obtained, 
this directly absorbs carbonic anhydride, forming a salt of ncetio acid, 
CHjNa + CO, = C,HjNnOj ; from this ftcetio acid itaelt may be 
easily obtAined. Thus acetic acid decomposes into marsb gas and 
carbonic nnhydride, and conversely is obtainable from them. The 
hydrogen of matBh gas does not, like' that in acids, show the property 
of being directly reploocd by metala ; i.e. CH, does not show any acid 
character whatever, but on combining with the elements of carbonic 
nnhjidride-it acquires the properties of an acid. The investigation of 
all other organic acids sboiva similarly that their acid character dependi 
on their containing the elements of carbonic anhydride. For this 
reason there is no organic acid contaitiing less oxygen in its molecule 
than there is in carbonic anhydride ; every organic acid contains in its 
molecule at least two atoms of oxygen. In order to express the rela- 
tion between carbonic acid, H,COj, and orgajiic acids, and in order to 
understand the reason of the acidity of these latter, it is simplest to 
turn to that law of substitution which shows (Chapter VI.) the rela- 
tion between the hydrogen and Oiygen compounds of nitrogen, and 
permits us (Chapter Till.) to regard all hydrocarbons as derived 
from methane. If we have a given organic compound. A, which 
has not the properties of an acid, but coutains hydrogen connected 
tQ carbon, as in bydrocarbons, then AGO, will be a monobasic 
ofgnnic acid, A2C0, a biljnsic, A3COj a tribaRic, and so ou— that is, 
each molecule of COg transforms one atom of hydrogen into that 
state in which it may be replaced by metala, as in acids. Thu 
furnishes a direct proof that in organic acids it is necessary to 
recognise the group HCO^, or carboxyl. If the addition of CO, raises 
the baticity, the removal of CO, lowera it. Tints from the biUuJc 
oifalic acid, CjH,0,. or phthalic acid, CaH^Oj, by eliminating CO, 
(easily eSectM experimentally) we obtain the monobasic formic acid, 
CHjO^ or benioic acid, CjE^O,. respectively. The nature of carboxyl 
H directly explained by the law of substitution. Judging from what 
baa been atated in Chapters VI. and Vlll. concerning this law, it 
is evident that CO, is CH, with the exchange of H4 for 0„ and that 
the hydrate of carbonic anhydride, H,CO„ is C0(OE)„ that is, 
methane, ia which two parts of hydrogen are replaced by two part* of 
the water radicle (OH, hydroxyl) and the other two by oxygen. 
Therefore the group CO(OH), or cnrboxyl, HCOj, is a part of carboujo 
acid, and is equivalent to (OH), und therefore also to H. That is, it 
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is a univalent residue of carbonic acid capable of replacing one atom 

of hydrogen. Carbonic acid itself is a bibasic acid, both hydrogen 

atoms in it being replaceable by metals, therefore carboxyl, which con- 

. tains one of the hydrogen atoms of carbonic acid, represents a group in 

which the hydrogen ia exchangeable foY metals. And therefore if 

1, 2 . . . n atoms of non-metallic hydrogen are exchanged 1, 2 . . . 

n times for carboxyl, we ought to obtain 1, 2 . . . n-basic acids. 

OrffOAiic ctcicU art Vie products of the carboxyl mhstittUian in 

hydrocarbons^^ ^^ If in the saturated hydrocarbons, CaHsQ^,, one part 

of hydrogen is replaced by carboxyl, the monobasic saturated (or fatty) 

acids, CaH^n^iCCOsH), will be obtained, as, for instance, formic acid, 

,HCOjH, acetic acid, CH,CO,H, . , . stearic acid, Ci^H,, CO,H, Ac. 

The double substitution will give bibasic acids, C,,H,„(CX)jH)(CO,H) ; 

for instance, oxalic acid n s 0, malonic acid n =s 1, succinic acid n =s 2, 

^c. To benzene, C(>He» correspond benzoic acid, CoH^(CX>sH), phthalio 

'add (and its isomerides), CcH4(C0aH)„ up to mellitic acid, 0(;(C03H)e, 

in all of which the basicity is equal to the number of carboxyl groups. 

■ As many isomerides exist in hydrocarbons, it is readily understood not 

only that such can exist also in organic acids, but that their number 

and structure may be foreseen. This complex and most interesting 

branch of chemistry is treated separately in organic chemistry. 

Carbonic Oxide, — This ga^ is formed whenever the combustion of 
organic substances takes place in the presence of a large excess of 

M bit If cOj is the anhydride of a bibMic acid, and carboxyl correaponds with it, re- 
• placing the hydrogen of hydrocarbons, and giving them the character of comparatirely 
feeble acida, then 6O3 is the anhydride of an energetic bibasic acid, and iulphoxyl, 
'803(OH), bbrresponda with it, being capable of replacing the hydrogen of hydrocarbont, 
and forming comparatirely energetic tulphur oxy acids {tulphonic acids); for instance, 
iOAH5(COOH), bensoic acid, and CeH^(S0j6H), bentenAsuIphonic acid, are derived from 
:C«H^. As the exchange of H for methyl, CHj, is equivalent to the addition of CHj, th^ 
! exchange of carboxyl, COOH, it equivalent to the addition of CO9 ; so the exchange of H 
■for fulphoxyl is equivalent to the addition of SOj. The latter proceeds directly, for 
iinstonce: CeH« + 80s»CeHft(S0,0H). 

As, according to the determinations of Thomsen, the heat of combustion of the vapour$ 
of acids RCO3 is known where R is a hydrocarbon, and the heat of combustion of the 
hydrocarbons R themselves, it may be ssen that the formation of acids, RCO^, from 
R -f CO) is always ivcoompanied by a small absorption or development of heat. We give 
the heats of combustion in thousands of calories, referred to the molecular weights of 
jtVs Bubstaooes :— 

R« Hv CH4 C.,H« C«He 

68-4 aia 870 777 

RCO9- 69 4 235 887 760 

That Hscorrespondt with fonnic acid, CH3O1 ; benzene, C«H<;, with benxoic acid, CTUeOf. 
The dat« for the latter are taken from Stohmann, and refer to the- solid condition. For 
formic acid StohmAoo gives the heat of combustion as 59,000 calories in a liquid ttatCi 
bat ia » ttate of vnpoor, 64i'0 thousand aoiti, wliicb is much lest than according ta 
Tbomsen. 
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I "Incandeaceut charcoal . the air first burna the carbon into carbonic 
imhydriile, but this in penetruting through the red-hot charcoal is 
transformed into carbonic oxide, CO, + C = 2C0. By this reactioa 
carbonic oxide ia prepared by passing carbonic anhydride through char- 
coal at a red heat. It may be separated from the excels of carbonic 
anhydride by passing it through a solution of alkali, which does not 
absorb carbonic oxide. This reduction of carbonic anhydride explains 
why carbonic oxide is formed in ordinary clear fires, where the incoming 
air passes over a large surface of heated ooal. A blue flame is then 
observed burning above the coal ; this is the burning carbonic oxide. 
When charcoal is burnt in stacks, or when a thick layer of coal ir 
burning in a brazier, and under many similar circumstances, carbonic 
oxide is also formed. In metallurgical processes, for instance vben 
iron is Gmelted from the ore, very often the same process of conversion 
of carbonic anhydride into carbonic oxide occurs, especially if the 
combustion of the coal be effected in high, so-called blast, fui'noces and 
ovens, where the air enters at ihe lower part and. is compelled to pass 
through a thick layer of incandescent coal. In this way, ako, com 
bustion with flame may be obtained from those kinds of fuel which 
under ordinary conditions bum without flame : for instance, anthracitei 
coke, charcoal. Heating fay means 
of a gas-producer — that is, an 
apparatus producing combustible 
carbonic oxide from fuel — ia 
carried on in the same manner." 
In transforming one part of char- 
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coal into carbonic oxide 2,420 heat units are given out, and on bumjng to 
carbonic anhydride 8,080 heat units. It is evident that on transforming 
the charcoal first into carbonic oxide we obtain a gas which in burning 
is capable of giving out 5,660 heat units for one part of charcoal. This 
preparatory transformation of fuel into carbonic oxide, or producer 
gas containing a mixture of carbonic oxide (about ^ by volume) and 
nitrogen (§ volume), in many cases presents most important advantages, 
as it is easy to completely bum gaseous fuel without an excess of air, 
which would lower the temperature.^ In stoves where solid fuel is 
burnt it is impossible to effect the complete Combustion' of the various 
kinds of fuel without admitting an excess of air. Gaseous fuel, such as 
carbonic oxide, is easily completely mixed with air and burnt without 
excess of it. If, in addition to this, the air and gas required for the 
combustion be previously heated by means of the heat which would 
otherwise bo uselessly carried off in the products of combustion (smoke)*^ 
it is easy to reach a high temperature, so high (about 1,800®) that 
platinum may be melted. Such an arrangement is known as a regene- 
rative /umace^* By means of this process not only may the high 
temperatures indispensable in many industries be obtained (for instance, 

with a valve, into the gas main U. The addition of fnel onght to proceed in soeh a way 
M to prevent the generated gas escaping ; hence the spaoe A is kept filled with the com- 
bostible material and covered with a lid. 

*o An excess of air lowers the temperature of combustion, because it becomes heated 
itMll, as explained in Chapter III. In ordinary furnaces the excess of air is three or 
four times greater than Uie quantity required for perfect combustion. In the best 
furnaces (with fire-bars, regulated air supply, and corresponding chimney draught) it is 
necessary to introduce twice as much air as is necessary, otherwise the smoke contains 
much carbonic oxide. 

*i If in manufactories it is necessary, for Instance, to maintain the tcmperatare in a 
furnace at 1,000°, the flame passes out at this or a higher temperature, and therefore 
much fnel is lost in the smoke. For the draught of the chimney a temperature of 100^ 
to 160° is sufficient, and therefore the remaining heat ought to be utilised. For this 
purpose the fines are carried under boilers or other heating apparatus. The preparatory 
heating of the air is the best means of utilisation when a high temperature is desired (se& 
Note 92). 

** Regenerative furnaces were introduced by the Brothers Siemens about the year 
1860 in many industries, and mark a most important progress in the use of fuel, espe* 
oially in obtaining high temperatures. The principle is as follows : The products of 
cpmbustion from the furnace are led into a chamber, I, and hent up the bricks in it, and 
tiien pass into the outlet flue ; when the bricks are at a red heat the products of oom> 
bustion are passed (by altering the valves) into another adjoining chamber, II, and air 
requisite for the combustion of the generator gases is passed through I. In passing round 
ftbout the incandescent bricks the air is heated, and the bricks are cooled—that is, the 
lieat of the smoke is returned into the furnace. The air is then passed tiirough II, and tha 
ttnoke through I. The regenerative burners for illuminating gas are founded on this 
same principle, the products of combustion heat the incoming air and gas, the tempera- 
ture is higher, the light brighter, and an economy of gas is effected. Absolute perfection 
in these applianoef has, of course, not yet been attained; further improvement it 
•tiU^poitible, but dissociation impocet a limit because at % certain high temperaiv* 
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gkss-working, steel-tnelting, ic), but great advantage bIbo" is gained 
U reganis the quantity of fuel, becaubo the transmission of heat to the 
object to be heater), other conditions being equal, is determined bj the 
difference of temperaturca. 

The transformation of carbonic anhydride, by means of charcoal, 
into carbonic owde (C + CO) =; CO + CO) is considered a reversible 
reaction, because at a high temperature the carbonic oxide splits up 
Into carbon and carbonic anhydride, as Sainte-Cluire Devillo showed by 
using the method of the 'cold and hot tu1>e.' Inside a tube heated in 
a furnace another thin metallic (silvered copper) tube is 6lt«d, through 
which a constant stream of cold water flows. The carbonic oxide 
coming inlo contact with the heated walls of the exterior tube forms 
charcoal, and its minute particles settle iu the form of lampblack on 
the lower aide of the cold tube, and, since they are cooled, do not 
act further on the oxygen or carbonic anhydride formed." A series 






s,lhal 



" AtGlBtslglitil (ppelrBibmird, pKlsaa. uid parudoiicul to losvnHrl; Dno-thirdDl th* 
halt which foel mi develnp, by toraing it iota gw. ArlonUy tho ndTlnlage la enonnoiH, 
eliwciillj lor'prodaeing high t«iDp«rati]rei,aD ia i\ntdj Mm fram tha fut Uut [nate rich 
in oifgen (for lotMnce. nood) when dunp ma aiuble, with any kind of hautb whiUvar, to 
gire the lempflTmlora nqoind forglau^melting oFHtOfll-ciutipg, vhilBt inthogiu-prodDwr 
tbay funiinh eibrtly the suna gtn ah the drietl and moat car boniceeuB fuel. In order lo 
nndenUod the ptineipla which ii here iniotved, it ia infflcienb to remembor that ■ lug* 
•aumnt ol h«t, bat hiiing ft law temponilnre, ia Id many caiei of do oie uhalnTer. Wa 
an noahle here to enter into all the delAila of the complicated matter of the ftpphcalion 
Ot ruel, and further particatara maat be aooght for in HpecilJ technical trestiiuia. Th« 
toUowing footiiotea, howerct, CODlAiD certoia tandamental Bgurea lor calculitioca cDD- 

>■ The Rnt prodoct of combuslion ot chucoal is alwaya cathonic anhjrdride, and oat 
cubonic ojide. Thi* 1b seen fiem tha (act that with a ihallon lafer of chaicoal (leu 
than a decimetre It the chanea! be ctoael; packed) carbonic oiide ia doI foitned at all. 
It la Dot area prodacedwith adaeplayet of charoHl if the tmnperatoiB ia oat above DOO', 
nnd (he current d[ air of oi/gen Ig vcr; iloo. With a rapid current ol air the charcoal 
becomea ted-hat, and the tampcratore rieea,and then carbonic oiido appears [Lang 1888). 
EniBt (1881) found that below OflfiO cubonic oiide it alwaye acccmpaDied b; CO^ *ad 
(hat the fomution ot CO, begin! aboot tW. Naomanu and Pistor determined (hat the 
reaelion of carbonic uhjtdride wHh cubon conroenccB at about e£0°, and that between 
water and carbon at about GDa". Al the tatter temperature carbonic ajihjdtide ii lormed, 
and only with a rise of temperature ia carbonic oxide formed (Lang) from the action of 
the carbonic anhydride on the cubon, and from (he reKtioa CO^-f Hj^CO + HiO. 
IUthke(ie«l) ahowed tbatatoolemperatorewliateveiii the reaction SEeipressed by the 
inCO,+CstCO,,eoiopIetei a part ol th« euhonic anhydride lemaice, and Long 
delecmined that al about l.OOg" not leti than B p c. ot (he carbonic uhj-drids n 
Dntnuulormed into carbonic uide, eren after the action haa been (vnlinued for a 

le endothermal raactiona, C + IIH,0=COj + aHj, and CO+H,0-CO,-f H* 
■re JDil SB incomplete. Tbia la maila clear i( wo note that on (he 
aboTc-mentioned reactiont are all revenible. and (bereCore bounded by a limit ; and, on 
tlie other hand, (hat at about G00° oiygen begins to combine with hydrogen and cubon. 
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of electric sparks also decomposes carbonic oxide into carbonic anhydride 
and carbon, and if the carbonic anhydride be removed by alkali com* 
plete decomposition may be obtained (Deville).*^ ^* Aqueous vapour^ 
which is so similar to carbonic anhydride in many respects, acts, at » 
high temperature, on charcoal in an exactly similar way, C + H^O 
ss Hs + CO. From 2 volumes of carbonic anhydride with charcoal 
4 volumes of carbonic oxide (2 molecules) are obtained, and 
precisely the same from 2 volumes of water vapour with charcoal 
4 volumes of a gas consisting of hydrogen and carbonic oxide (H^ + CO) 
ni*e formed. This mixture of combustible gases is called uxUergas.*^ 

iu\<] also that the lower liiuitt of diiioouttioo of water, carbonic anhydride, and carbonio 
oxide lie near one another between 500° and 1,S00^. For water and carbonic oxide the 
lower limit of the commencement of diieociation is unknown, but jndging from the pnb* 
lithed data (according to Le Chalelier, 1888) that of carbonic anhydride may be takto 
on about 1,060°. Even at about 300° half the carbonic anhydride dissociAtet if the 
pressure be small, about 0001 atmosphere. At the atmospheric pressure, not more than 
0*05 p.c. of the carbonic anhydride decomposes. The reason of the influence of pressure 
is here evidently that the splitting up of carbonic anhydride into carbonic oxide and oxygen 
is accompanied by an increase in volume (as in the case of the dissociation of nitric 
peroxide. See Chapter VI., Note 46). As in stoves and lamps, and also with explosive 
substances, the temperature is not higher tlian 3,000° to 3,500-', it i» evident that although 
the paitial pressure of carbonic anhydride is small, still its dissociation ciuinot here be 
considerable, and probably does not exceed 5 p.c. 

u kii Besides which L. Mond (18U0) sliowed that the iMwder of freslily reduced 
metallic nickol (obtained by heating the oxide to redness in a stream of hydrogen) is able, 
when heated even to 350°, to completely decompose carbonic oxide into CO-^ and carbon, 
which remains with tlie nickel and is easily removed jrom it by heating in a stream of 
air. Here 2C0 => COj + C. It should be remarked that heat is evolved in this reaction 
(Note 25K and therefore that the influence of ' contact' may here play a part. Indeed, 
this reaction must be classed among the most remarkable instances of the influence ci 
contact, cAiiecially as metals analogous to Ni (Fe and Co) do not effect this reaction 
(iee Chapter II., Note 17). 

*^ A molecular weight of this gas, or 3 volumes CO (38 grams), on combustion 
(forming CO..) ^ives out ti8,0(K) heat units (Thomsen 07,900 calories). A molecular weight 
of hydrogt.Mi, H.. (or 3 volumes), develops on burning into liquid water 60,000 heat unite 
(according to Tlunn»en 68,300), but if it forms aqueous vaiiour 58,000 lieat unita Cliar- 
coal, resolving itrxflf by combustion into the moU)cular quantity of C0> (3 volumes), 
develops 07,000 heat miits. From the data fumislied by these exotliermal reactions 1% 
follows: (1) that the oxidation of charcoal into carbonic oxide develops 20,000 heat units ; 
(3) that the reaction C +C0j = 2C0 iibiorhi 89,000 heat units ; (8) C + H^O-H^i-CO 
abtorba (if tlie water bo in a state of vapour) 89,000 calories, but if the water be liquid 
40,000 calorics (almost as much as C -i- CO.j) ; (4) C -»- H-P -= COj + SH.. abaorbs (if the 
water be in a state of vapour) 19,000 heat unite; (6) the reaction CO -f ILjO = CO^ f Hf 
tUcehpt 10,000 heat units if the water be in the state of vapour ; and (6) the decompoai* 
tion expressed by the equation 2C0«C -t-CO^ (Note 84 bis) is accompanied by the evolfi' 
tion of 80,000 units of heat 

Hence it follows that 3 volumes of CO or K^ burning Into COj or H^O develop 
almost the s.unc aiQouni of heat, just as also the heai effecte oorxeqpondiog with the 
equations 

C+Ii.O«CO+H, 
C-l^CO,-CO^CO 

nearly equaL 
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But «jueous vapour (and only when strongly superheated, otherwise 
it cools the charcoal) only acta oa charcoal to farm a large amount of 
carbonic oxide at a very high temperature (at which carbonic anhydride 
disBOciatea) ; it begioa to react at about 500", fonning carbonic 
anhydride according to the equation C + 2HjO=CO, + 3H,. Besides 
this, carbonic oxide on splitting up forms carbonic anhydride, and 
therefore water gas always contains a mixture '^ in which hydrogen 
predominates, the solame of carbonic oiide being comparatively less, 

*■> ITafn- ijai, DbUlnnl from tiiauo uul ch>Riul at a whib? licnl, conliLiiiB nbout CO p.e. 
at hydrogen, «boul ID p.c. of Mrbonjc oiidc, aboDt S p:e. of tsrbonic sabjdride, Uis 
tflnnundaT being mtTogm from tba cluico4l and ur. Compojed with prodooergaa^ which 
coptuDB much nitrogen, thii ifl a ffu moch richer ia oombutCiblfl matLcr, uid tbcrefora 
capable of lE^ving hi^b temp«ra(at«i, aad ii for thia rvaaonof the gnateat atilitf. U c&r- 
boiucBiihfdndcixialitbeaaiMdiljobtaiaad in aapnieaatalau water, than CO might ba 
pn[iamd diiactlf fiom CO, + C, ud is that caae the atltiaalion ol tbo heat of (he carbon 

it (he tempecatoie id the unokebeoTerlOD', and the water remaiai in (he form at lapour 
{NotaflS). Bot prodocor ga» conUina a Urge proportion of rilregeo, aathal ilaeffeoli™ 
tflmperatare ia below that given bj water goa ; therefore in plaeea wharo a particnlarly 
high tamperatitTa ia loqaired (for inatanoo, for lightmg by meana of iacaadeacent lime or 
"**e"**'*i or for iteel melting, &c-\ and where the gaa can be easily tLAtributod IhrougU 
pipe*, water gaa ia at preeent held ia high eatimatioD, but when (in ordmary fumacei, 
M-lUAting, i-laM-meUing, and other lunutoea) i Tary high temperature ia not required, 
and there ia no need to convey the gaa in pipaa, prodncer gaa ia generally preferred on 
aocannt of tba aimplieity of iu prepantion, eapsdallj aa tor water gaa aach a liigh 
tcmperalure la ro^niml that tha plant toon beoomea duuged. 

la generally naed. Tbe gu ii prepared in a cylindrical geser^itor. into which hot air it 
introdoced, in ordw to nuau the coke in it to a whits heat. The prodacla of eombaition 
containing eaibonio oxide are ntilisod for Hnperheati;^ <(«aui, which ia (hen paaied 
over the white hot ookc. Water gu, or a miitiue of hydrogen and carboaic oxide, ia 

Water gaa ia aometimea called ' Ihe fuel of the future ' becaoac it la applicable to all 
pnrpoaei, davelopa a high temperature, and ia therefore available, not only for domeitio 
and indostiial uaea, bat alio for gaa-motora and for lighting. For the lat(«r purposo 
platinnm, lime, magneaia. Eiroonia. and aimilar aubat&noea (aa in the Dnunmond light. 
Chapter tll-J, are rendered cDcandncent in the flame, or elae the gaa Ia catburffited — 
that ia. mixed with the vapoart of Tt>latile hydiocazbona (generally benzene or naphtha, 
naphthalene, or simply naphtha gaa), which coniioiiiucAte to the pale ttaofi ol carbonic 
oxide and hydrogen a great brilliancy, owing to' (he high (smperatDrs deiebped by, the 
eombaatioa of the noti-lnminona gaaea. Aa water gaa, poueuing theaa properties, may 
be prepared at central warka and conTsyed in pipea to the oonantoerB, and aa it may be 
prDdaoedtrom any kind ol fael, and onghl to be mooh eheapu than oidioary gaa, it tnaj 
•I a (natbec of laet ba elpectsd thai in coone of time (when axperiEnce ahall have deter- 
mined (he cheapeat and beat way to prepare ■() it will nD( only aopplaat ordinary gaa, bnt 
will with advantage evsrywhere replace ^e ordinary forma of fuel, which in many reapecta 
ore iDCOnieniaat. At pnaant iti eooaiuiiptioD apreada principally lor lighting pnrpoeaa, 
■nd lor uic in gaa^nginea inalead of ordinary illaminating gaa. fo leme caaea Dowion 
gaa II prepared in produsera. Thia ia a DUiture of water and prodnvw g»ee oblahiod 
by paaeing eCeam into an ordinary prodiioer (Note 11>), whan tbe temperature of (L« 
MrboD haabeoomenBidaDtly high loi tbe naetioaC + H^-CO't-B,. 
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wlulst the amount of carbonic s>iih7<lride increases ns the tempentara 
of the reaction decrea^s (generally it is mare thnn 3 per cent.) 

Metali Ulc« iron and duo wbich at a red henl, &re capable of 
deoomposing wattT with the formation of hydrogen, also decompose 
eubontc anhjdridi! ^ilh the formation of carbonic oxide; so botb 
the ordinary pra^ucf? of oonipleto oombastion, water and carbonic 
Mihydride, are \'ct-y similar in their resctions, and we Bhall therefore 
preaently comp.'ire hydrogen and carlumic oxide. The metallic oxidei 
of the above-mentioned metals, when reduced by charcoal, also give 
cubooic oxide, Priestley obtained it by heating charcoal vith ziuc 
oxide. As free carbonic anhydrido may be transfomied into carbonic 
oxide, BO, in precisely the some way. may that carbonic acid which is 
in a state of combination ; hence, if magnesium or barium carbo- 
natee (MgCOj or BaCOj) be heated ta redness with charcoal, or iron 
or line, carbonii; oxide will be produced — for instance, it is obUioed by 
beating an intimato mixture of parts of chalk and I part of cliarcW 
ia a clay retort. 

Many organic .substances " on being heated, or uudor the action o! 
various agents, yiuld carbonic oxide ; amongst the^ are many organic 
or carboxyhc a'-ith. The simplest are formic and oialic acids. Formic 
a«id, CH2O2, on being beat«d to 200°, easily decomposes into carbonic 
oxide and water, CH,Oj =: CO + H,0," *^ Usually, however. c«^ 
bonic oxide is prepared in laboratories, not from formic but from oxolio 
acid, CjH.jO,, the more so as formic acid is itself prepared from oxalio 
add. The latter acid is easily obtained by the action of nitric acid 00 
starch, sugar, &c. ; it is also found in nature. Oxalic acid is easily 
decomposed by heat , its crystals first lose water, then partly volatilise, 
but the greater part is decomposed. The decompositioQ is of the 
following nature it splits up into water, carbonic oxide, and carbonio 
•nhydridc," C,H,0( = H,0 + CO, + CO. This decomposition is 
generally practically effected by mixing oxabc acid with strong sol- 

" The M-cillcd jelloi 
■olphuric *ci J f ormi a, co: 

" '>■ To perfoim lliis reaction, the forniic tcid i> miied with glyMnne, beciuie when 
he»t<rd »lonc it Tolslibhcs much brl™ its l*mper»tun of demmpoaition. When heiUad 
with lUlphuric scid the ulta of formic Bfid jield cafbouic oiids. 

** The dccompoaitios ol formic uid oisJic uidi, vith the foruiatioa ot cu-booic oiida, 
eonaidering thcH Bcida b> ciiboijl deriv«iivc>, m»/ be eiplained u followa :— Th* int 
li HICOOHjud the second (COOUI2. 01 HjisuhichDaaocboLbh^TeioI the hydiDgea 
areuch^ged (or citboiyl ; therefore they «jb equil lo H, + CO, oad H)+ aCO,; bat 
B, TMcU with COi, u bu been iUled»b«Te, forming COudBiO. Fr(uii thii it ii iJio 
•"Idnit Uul oulic uid oa lotiog CO, lomii foniua add, and alio that the latlw ma; 
vrooMa bn CO+HjO.u we ibiU ttt butta oa. 
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fihuric acid, because the l&tter osrists thg decomposition b; taking up 
ihe -watar. On beating a misture of oialic and sulphuric acids a 
nizCure ot carbonic oxide and carbonic anhydride is evolved. Tbis 
mixture is passed through a aotutioR of an alkali in order to absorb 
the carbonic anhydride, whilst the carbonic oxide passes od.'* '''■ 

In its physical propertUi carbonic oxide resembles nitrogen ; this 
is explained by the equality of their molecular weights. The absenco 
of colour and itnell, the low temperature of the abiolute boiling point, 
— 140° (nitrogen, — 146°), the property of solidifying at —200" 
(nitrogen, - 202°), the boiling point ot - I90» (nitrogen, -203°), 
and the slight Eolubility (Chapt«r I., Note 30), of carbonic o\ide are 
almost the same as in those of nitrogen. The chemical properties of 
both gasea are, however, very different, and in these carbonic oxide 
resembles hydrogen. Carbonic oxide bams with a blue flame, giving 
2 volumes o( carbonic anhydride from 2 volumes o£ carbonic oxide, ju5t 
as 2 volumes ot hydrogen give 2 voluioes of aqueous vapour. It 
explodes with oxygen, in the eudiometer, like hydrogen.'* When 
breathed it acta as a strong poison, being abiiorbed by the blood ;^ 
this explains the action uf charcoal fumes, the products of the 

<■«■ Greihofl (ISSS) shoved that oiUi > sAatiaa ot nilnMof bUvsr, iodoform, CHI,, 
fenna CO uAording lolhe egulion CE[Ii-l-SJLgNOj+Ei0^3aeI + 3HNOj + CO. Tba 
nutioa » immedimte uid it compiele. 

" It ii remukable lli&t, accoidioR U) da iov<^atig!U.kn» of Diion, perfesU/ dr} 
cubooio Slide doei not cijilode with oxygen when a Hpuk ol low lolcaiily ia ueod, but 
■n exploiioii takea plus if there a the ilightcit ikdrDiltiuv ot raoi«ture. L. Meyer, 
bovover, ohoved th*t tpAxki of ad elccbio dischArgv of c<mildAnbl« intAanty prodooo 
■Ji eiplatioQ. N- tJ. Bokfttoff dfmob&tr&ted thAt oomboAtioa pruccedti imd ppre&ds 
■lowly dhK'o then be perfect dryni^H. I (hiok [hat thia mij be ciplaioed by Ibe (ut 
ttul vntei Hith cuboniD oiidn giiiM eorbonio uihydtidB ud h}drogi>n, bat bydrogun 
wUli oijijea giiei hydrogan pemiide (Chaptu VU), wbicli with aubaniu oiide lonn* 
cubunic uihydi^do and watei. Tbe water, (Jierefore, U renewed, uid neBia terrei Ihd 
amne poTpose. But it may bo tho-t here it [a neotiQBar; to acknDwlodt^e a aiiuple conflict 
ioflaenflc. After Divm had Hhtrwn the inflneocQ of trac4e of moiHtera vpon tlio re&ction 
COrO, lOMHy nuarcfaea ware made ol ai umilu satun. The folleil invaatigBtion into 
(he inllaeiioe of moiiture upon tbe cnurte ol muiy chemiiHj nutioiuwiuoiiide by Baker 
in 1804- Ha oboved that with perfect dryneee, nLUiy chemical tiuififonniLtioaa {for 
aunpta, the loimaticii ot otone bum orygan, the decompoiition of AgOi KCIOj under 
ttu action of he>t, &a-) prooeeda in eiacUy the nme maimer aa in Uie piwoDca ot 

mention llu IdllowiDi initancn : (1) Dry SOj does not act upon dry CoO or CaO ; (3) 
perieetly dry lal-ammoDiac do« not give NUj with dry CaO, but naiply vnUtUnca; (M| 
dry NO uid Odo not react: (4) perfectly dry NH, and HC1 do not combiue: IM parfectly 
dry aal-aimnoniac doe* not diatociate at aM' (Chapter VH.Hoto IS bia) ; .od «]) perfecOy 
dry cbloFice doea not Mt upon aeUla. ie. 

(be lame way aa oiygon. In addition to thii, tho abaorption apuctnun of the blood 
cboogea fo that by the help of blood it ii Hiy to de(«t the alighleel tnoaa ot cuboDio 
oxide in the air. M. A~ Kaponitin tonnd that lioaeed oil and therefore oil punlo, m 
tapabta of giving oil cubaaic oiide while drying (abaorbing o^gen). 
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inoomplete eObbustion of dutrcOKl and other earbonncmm taels. 
Owing to iti faoultv of combining with oxygen, carbonic oxide acts aft 
ft powerful reducLiti: n^'-nt, taking up the oxygc-n f rom mMi; oompoumls 
ftt A red he»t,i>ii>! Win^ itself trAO^oniird into carbonic aobydride. 
Hw redncing ar-iion of cu-booio oxide, bowerttr. is (liko that of hydro- 
gen, Chftpt«rl] ) naturdly <wnliiiwl to ihasc oxides which euilj put 
witb tlieir oij^t^a — fts, toe iasUneei oopper oxid« — irhilxt the oxide* 
of mkgnedum or potassium »n not t«duc«d. Metallic iron itsolf 13 
ctfikble of reducing carbonic uihTdride to orbonic oxide, just «s it 
libMstes tlie hy.lrog\>» from «%t«r. Copper, which doesnot dMompoie 
Wftter, doM aot i]e<N?mp<«« cwbomc oxido. If a pUtJnBm wire heated 
to 300°, or spon^v pUtinnm at the ordinal; tcmpenliire, be plunged 
ittto a mixtare ol carbolic oxide and oxvgen, or of hjtlro^N) ftod 
vxjgwt, tlie nii\tun' explod«a. ThcM reactions are terj SBiilar ta 
Umm peculiar lo LvilrogeA. T%e (oQowiiij taportant dtstinction, 
bow«rer, exists Seto-fen tiiem — Damel; : tlw aokcuk of hj^rogcn ta 
oompOMd of &.. s group of deiMBla dinnUe into two like parts, 
whilst, as the m.'!<-.-;iIc nf carbonic cndde, 00, roctatns salike aiomi of 
eartmu and ox^j: ■., i'l ]...:..■ c" !^- r. i:' ■■! cjin it giT« 

tvQ molecules O' ■ r irticnlarly 

'■Mtioeable in th - ' ni; c<xida 

raqMctiT«)j -, with the fonner chloiine fbnns hjdrof^ cUohde, and 
with the latter it produces the so-culled oarbonjl dkloride, COCl* - 
ftfti is to mj, the molecula of bjiiros«n, H^, under the action of 
•Meriae diTid«s. fonniogtwo moIecnlM of hTdrachloric acid, whilst th» 
Wq)miU« of Mtrfaontc oxide eint«fs in its en tint J into the molecule of car- 
butyl cUoridA. lUsdiaracteriaes theso-Mlled JwftNN*cori>Mf<«i c«> 
^etioas of radicles or rwAw*. H is a monatouic residue or mlidc^ 
lik* K, O. and othen, whilst catrbonic oxid^ CO. is an indixisiUe (w- 
dMOmpoMU*) biraleat radicle^ eqjUTakBt to H, and not to H, and 
|lMnfi>r» f«)ubi(uag with X* aztd intieKhaageable with H^ Hia 
AAlooUoa ii «Tid«al ftvm the aanes«d compariKw . 

HH. K.Ttb^Y'iK. CO. osrUwc oxid« 

IICl. h.v*»r*vW«*i> acid. 0X1,, «rK*Tl <U<«d«. 
MKlX p^>lMh, C\\KOV p£*»ssJuai <«rinaata. 

iWilp, uMhan* CV\CH>V »>■**«»*. 

mUV w«t«r. CAHOV Mrtv«ic sAd. 

jh«.'K iuv\u*t>'*uW (mu\»KM»i^ w*i.W*. X. *» H. CX XjkXv^-. XH,, 
OW«,t,\SU (,>«iK*\vl\, OH, Mhl <,'4W«,i« ai\\'<r.U&.'<e w)d the Uw 
«t wAttit«it^M, >\<*h\«m l«<«Mh«r, (^M«iU)N(%vw|«*Mk X\ . kmI wiik 
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oxygen, or In general with diatomic (bivalent) residnes, T-^for instanod, 
O, CX>, OH,, 8, Ca, Ao. forming, compounds XX' Y ; but diatomio 
residues, T, sometimes capable of existing separately may combine 
together, forming YY' and with X3 or XX', as we see from the transi* 
lion of CO into CO2 and OOOl,. This combining power of cprbonicf 
oxide appears in many of its reactions. Thus it is very easily ab* 
*8orbed by cuprous chloride, CuCl, dissolve in fuming hydrochloric 
acid, forming a crystalline compound, C00u20l2,2H3O, decomposable 
by water ; it combines directly with potassium (at 90*), forming 
(KCO)^ •* with platinum dichloride, PtClj, with chlorine, CI2, <ko. 

But the most remarkable compounds are (1) the compound of CO 
with metallic nickel, a colourless volatile liquid^ Ni(C0)4, obtained by 
L. Mond (described in Chapter XXII.) and (2) the compounds of car« 
bonic oxide with the alkalis, for instance with potassium or barium 
bydroxide, &c, — although it is not directly absorbed by them, as it has 
no acid properties. Berthelot (1861) showed that potash in the presence 
of water is capable of absorbii^g carbonic oxide, but the absorption 
takes place slowly, little by little, and it is only after being heated 
for many hours that the whole of the carbonic oxide is absorbed by 
the potash. The salt CHKO2 is obtained by this absorption ; it cor- 
responds with an acid found in nature— namely, the simplest organio 
(carboxylic) eicidy fomitc acidf CH2O2. It can be extracted from the 
potassium salt by means of distillation with dilute sulphuric acid, 
just as nitric acid is prepared from sodium nitrate. The same acid 
is found in ants and in nettles (when the stings of the nettles puncture 
the skin they break, and the corrosive formic acid enters into the 
body) ; it is also obtained during the action of oxidising agents on many 
organic substances ; it is formed from oxalic acid, and under many 
conditions splits up into carbonic oxide and water. In the formation 
of formic acid from carbonic oxide we observe an example of the 
synthesis of organic compounds, such as are now very numerous, and 
are treated of in detail in works on organic chemistry. 

Formic acid, H(CH02), carbonic acid, H0(CH02), and oxalic acid, 
(01102)2, are the simple organic or carboxylic acids, R(CH0'2) cor- 

'* The molecule of metallic potassium (Scott, 1887), like that of mercury, contains only 
one atom, and it is probably in virtue of this that the molecules CO and K combine together. 
But as in the majority of cases potassium acts aa a univalent radicle, the polymeride 
K2C2O2 is formed, and probably KioCiqOioi because products containing Cio are formed 
by the action of hydrochloric acid. The black mass formed by the combination of 
carbonic oxide with potassium fixplodes with great ease, and oxidises in the air. Although 
Brodie, Lerch, and Joannis (who obtained it in 1878 in a colourless form by means of 
NH3K, described in Chapter VI., Note 14) have greatly extended our knowledge of thi» 
compound, much still remains unexplained. It probably exists in various polymeric and 
isomeric forms, hftving the composition (KCO)ii and (NaCO)N. 
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rMpoading with nn mni HOH. Conimendngwithcarboaicoxide.CO, 
the fomifttion of i.-irliiinyliRSvids is clearly »mii from the fact that CO ia 
capable of combiiiiji^ wjih X„ tbntiaofforsungCOX}. If,forinsUt&ec^ 
oiwXi9anftqueoiiMv-Mue,l>Il(lirdroijl),»QdtheotherXbhjdr(^n, 
tbon the aim pleat orj^aiiic ikcU— formic acid, H(OOOH)— is obtained. 
AJlall hydrocarbiins (< 'Iiaplcr VIII.) correspond with the simpieat, CS„ 
M nil organic Etciifn ni.iy Im contidcred to proceed from formic acid. 

In a timilar Wiiy it is ea>y to explain the relation to other eom- 
pounds of carboii uf thrue cumpoundH nhich contain oitrogea. Bj 
way of an exaia]iti-. ».• will take oae of the carboxyl acids, R(CO,H>, 
wh«re B is a hj drocHrbon radicle (residue). Such an acid, Uke all 
others, will givo liy combination with NHj an ammoniacol salt, 
B(CO,NH,), T)iLs salt fontaina the elemenU for the formation of two 
molecules of waicr. and under suitable conditions by the action of 
bodies capable of tnkiiig it up, water may in fact be separated from 
R(CO,NH,), forming by the loss of one molecule of «at«r, amida, 
BCONH,, and by tbc loss of two molecules of water, nitrilet, ECN, 
otherwise known as cyanogen compotindt or eyanxdei?^ It all tbo 
csrboiyl acids dri: united not only by many common reaetiona but 
also by a mutual roiiM-rsion into each other (an inEtance of which 
we saw above in the convereioa of oxalic acid into formic and carbonic 
acids) one would expect' the same for all the cyanogen compounds also. 
The common character of their reactions, and the reciprocity of their 
transformation, were long ago observed by Oay-Lnseac, who recog- 
nised a common group or radicle (residue) cyanogen, CN, in all of 
them. The simplest compounds anhydroeyanic orpruMic uctd^HCN', 
cyanic acid, OHCN, and free cyanogen, (GN)^ which oorreapoud to the 
three simplest carboxjl acids : formic, HCO|H, carbonio, OHCX^fH, 
and oxalic, (CO,H)i. Cyanogen, like carboxyl, is evidently a mon- 
atomic residue and acid, similar to chlorine. As regards the amidsa 
RCONUj, corresponding to the 4»rboxyl acids* they coatajn the 
ammoniocal residue NHg, and form a numerous class of organic com- 
pounds met with in nature and obtained in many ways," but not 



01 uuUuDC, oxamide, or tlis unida at oxdlc Kid, (CKHjO),, ii obuined in 
LD iiiMilable pr*cip>Ut< oa tddiog » solatioa ol uamonu to m lieobtlit 
tliTl ouUle, (CO^,H,),. vtikh ii lomwd bj tht ution ol oulic uid on 
I0,),-fa(C,B,)0H-'3UDH-f(CO,C,lIt^ A> Uu namit deiintin ot 
I uDidM tmUd with ilkklii jiald *mn;nni» uid [oim Uu ul( ot tha uid. 
Tb« lutrilsi do not, bowever, giTa tiniUc reutieu to nadilf. Tho nuijoritj ot uuda* 
Mmapgodug loKidi tuTs & oompoailion KKHii ud tb«r«fon r*oambiiM witta ottar with 
ffraM MM (Tan vhMi lisiplf boil«l with it, and with itill ftsslai faeUlty io frawao* at 
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distinguished by such characteristic pecnliariides as the cyanogen com* 
pounds. 

The reactions and properties of the amides and nitriles of the 
organic adds are described in detail in books on organic chemistry ; we 
will here only touch upon the simplest of them, and to clearly explain 
the derivative compounds will first consider the ammoniacal salts and 
amides of carbonic acid. 

As carbonic acid is bibasic, its ammonium salts ought to have th^ 
following composition : acid carbonate of ammonium, H(NH4)C03, and 
normal carbonate, (if'EL^)fiOi ; they represent compounds of one or 
two molecules of ammonia with carbonic acid. The acid salt appears 
in the form of a non-odoriferous and (when tested with litmus) neutral 
substance, soluble at the ordinary temperature in six parts of water, 
insoluble in alcohol, and obtainable in a crystalline form either without 
water of crystallisation or with various proportions of it. If an aqueous 
solution of ammonia be saturated with an excess of carbonic anhydride, 
and then evaporated over sulphuric acid in the bell jar of an air-pump» 
crystals of this salt are separated. Solutions of all other ammonium 
carbonates, when evaporated under the air-pump, yield crystals of this 
salt. A solution of this salt, even at the ordinary temperature, gives 
off carbonic anhydride, as do all the acid salts of carbonic acid (for 
instance, NaHCKDs), and at 38^ th6 separation of carbonic anhydride 
takes place with great rapidity. On losing carbonic anhydride and 
water, the acid salt is converted into the normal salt, 2(NH4)HC03 
tss HjO-f CO2 + (N £[4)2003 ; the latter, however, decomposes in sola* 
tion, and can therefore only be obtained in crystals, (NH4)2003,HaO, at 
low temperatures, and from solutions containing an excess of ammonia 
as the product of dissociation of this salt : (NH4)2C03 «s NH^ 
+ (NH4)HC0a. But the normal salt,*^ according to the general type, is 

AcidB or alkalis. Under the action of alkalis tlio amides naturally givo off ammonia^ 
through the combination of water with the amide, when a salt of the acid from which th* 
amide was derived is formed : RNH2+KHO=RKO+NH5. 

The same reaction takes place with acids, only an ammoniacal salt of the acid is of 
course formed whilst the acid held in the amide is liberated: RNHa+HCl+H^O 
«RH0 + NH4C1. 

Thus in the majority of cases amides easily pass into ammoniacal sails, but thej 
differ essentially from them. No ammoniacal salt sublimes or volatilises unchanged, and 
generally when heated it gives off water and yields an amide, whilst many amides vola* 
tilise without alteration and frequently are volatile crystalline substances which may be 
easily sublimed. Such, for instance, are the amides of benzoic, formic, and many 
Other organic acids. 

^ The acid salt, (NH«)H003, on losing water ought to form the ewrhatMC acid, 
OH(CNHqO) ; but it is not formed, which ia accounted for by the instability of the aoUl 
salt itself. Carbonic anhydride is given «off and amfnoniit it pfodooed, which Rivee 
-" ammQnion.oarbamate^. 




«qptMit Iff iiwwpMnif itiAtKfmatmmtf m^^ 

W^^iMM !•- U in Cut triJwt lUl. br ii ni ig Oe > 

\mlthi<t, M "> ' >•"* "4 '.liAlk uJ ivlpkalv «< —■■ ■■ ■ < Cl M fto TI^ <r 

MtH, b'^.-.r, \\,„fi^Si hw of put of tb« unttotn. ^Mtlj t 

iM4*«H, \, |»r<,l/ Uirr/UKb I'Mot wfttcr, foraisa 

fr(«|M.(,U; ,.."^»'. lh..<;.m.p«fliao NH,0(CONH,) + 20H(00,XHJ 
^fttfl, I "'", I ^ll,0, Thi* wit, in putiog aiid«r t»rio«i con- 
ilS\kim* 't'!, Kihwhiu. (•rtionw ni.hydride, and «»Mt, does oofc 
prutMiii. » ■■,i,.i^t,i. f "iiiI'mIU'Vu, iiul nuglit nUber to be n^uded u s 
ltli*l^l>"l "'!') wli amt Ailil'U iwlt. Tbq latt«r mtut be leoagniMd H 
Wli''fJ'iK I'll" <li" I "iiiji'MlUofi «( th" onlintr; cvboiute of ft 
I^HMitiMili x'ijIhIiii ku walor UiBii Urniuitrd for the nomwl oraeid 
Mli ,*' liiii Fill lii.iiiu 'll>*nlvMl Id wiht/ir (111* luU gives b niixlnre of add 

Uf.U >'( lliB twii utiiiiiimlAimi iwlti ol c&rbooic acid bu JU com- 
•|iiitiili<'ij ■iiiiitu. 'I'lioi' lit iliu arlil Malt uliould be acid, if tiie water given 
utt inltiiii 11)1 <lin liyilrnifBii iif tliu aiiiiuonla, ai it ihouldacccrdisg to the 

Mm <riin I'f ruiiiiHiiiiii <•( tliB AoiidiM, so that OHCONH^ or 

milmmu. ••..••!. i. fiinix^il (ri.m OKCO.NH,. Tbu acid is not known in 
« fiuH Bikla, liiil. ii* iiiirrti>|i<iniliii|{ ariimoniaoal ia.\t or ammonium ear- 
tiuiiiHii' In Viuiwii. Tlia luiier in tumily and immediately formed hy 
liiitiiilj '.' voliiiiiuii lit iliji iimiiiuiiia witli 1 volurao of dry carbonic anby- 
.tniln, 'JNll^ v 11(1, ^ Nl[,0(<}<iNH,)i it i> n aolid Bubstanoe, amella 
■ti>iii;^ly •:( iiiMiiiiiiiia, HtitAKtii iiiiiiiitura from the air, and decompose^ 
(Uiiii|il<.tij|y ul ItD". Tim fitt't ii( tbiji ilBiiomjioaiUon may be proved ** hj 
tliu 'loudly .,1 iu vaj,„iir, wlii.ili — 13 (11 -• 1) ; this exactly oorrMponds 
Willi tliu <li;it.iiy i,t ■ mikiiiro of -J volumei of ammonia and 1 volumo 
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of carbonic anhydride. It is easily understood that such a combination 
will take place with any ammonium carbonate under the action of salts 
which take up the water — for instance, sodium or potassium car- 
bonate '^ — as in an anhydrous state ammonia and carbonic anhydride 
only form one compound, COa2NH3.'^ As the normal ammonium car 
bonate contains two ammonias, and as the amides are formed with the 
separation of water at the expense of the hydrogen of the ammonias, 
80 this salt has its symmetrical amide, CO(NH2)2* This must be termed 
carbamide. It is identical with urea, CN2H4O, which, contained in the 
urine (about 2 per cent, in human urine), is for the higher animals 
(especially the carnivorous) the ordinarj product of excretion'^ and 
oxidation of the nitrogenous substaucies fotind in the Organism, If 
ammonium carbamate be heated to 140^ (in a sealed tube, BazarofF), 
or if carbonyl chloride, C0C12, be treated with ammonia (Natanson), 
urea will be obtained, which shows its direct connection with carbonic^ 
acid — that is, the presence of carbonic acid and ammonia in it. From 
this it will be understood how urea during the putrefaction of urine is 
converted into ammonium carbonate, CNSH4Q + H2O =s OO2 + 2NH3. 
Thus urea, both by its origin and decomposition, is an amide of 
carbonic acid. Representing as it does ammonia (two molecules) in 
which hydrogen (two atoms) is replaced by the bivalent radicle of 
carbonic acid, urea retains the property of ammonia of entering into 
combination, with acids (thus nitric acid forms CN2^40,HN03), 
with bases (for instance, with mercury oxide), and with salts (such 
as sodium chloride, ammonium chloride), but containing an acid 
Yesidue it has no alkaliue properties. It is soluble in water without 
change, but at a red heat loses ammonia and foi^ms cyanic acid, 
CNHO,^^^^* which is a nitrile of carbonic acid — that is to say, is a 

*'' Calcium chloride enters into doable decomposition with amraomatn carbamate 
Acids (for instance, solxihttric) take up ammonia, and set free carbonic anhydride 1 
whilst alkalis (such as potash) take up carbonic anhydride and set free ammonia, and 
therefore, in this case for removing water only sodiom or potassium carbonate cau be 
taken. An aqueous solution of ammonium carbamate does not entirely precipitate a 
solution of CaCl^, probably because calcium carbamate is soluble in water, and all the 
(NH3)2C03 is not converted by dissolving into the normal salt, (NH40)3COj. 

^ It must be imagined that the reaction takes, place at first between equal volumes 
(Chapter VIL) ; but then -carbamic acid, HO(CNH^O), is produced, which, as a;n acid, 
immediately combines with the ammonia, forming NH^O^CNH^O). 

®' Urea is undoubtedly a product of the oxidation of complex nitrogenous -matters 
(albumin) of the animal body. It is found in the blood. It is absorbed from ih^ blood 
by the kidneys. A man excretes about SO grams of urea per day. As a d6riv(^tive of 
carbonic anhydride, into, which it is readily converted, urea is in a sense a product of 
oxidation. 

w vu ita polymer, C3N3H5O8, is formed together with it. Cyanic acid is al very 
unstable, easily changeable liquid, while cyanurio acid is a crystalline solid whiph is rtey 
stable at the ordinsiry temperature. 
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BOON u« ibiv (kj ict^ilii at a ^Iwa temfwntiu-e, vhilst at a greater 
I>r««3ur«. v« bv cIm m'jwlnctioa <jf * Urg<er buss uif the mbstajiiL-e into « 
$ir«-i wlumif, ttw wbcl* ^'( tht! t^xv«^ is cvnTerteJ into cjaaoru: uiiL 
Th* pr\'tvrti-.-s iif cvvriK.- ioi.i wLkfc »« havt describwl were principally 
i't*rr\vJ bv W.-liJvir. i:;d i-Iwurir si:<.i» the /uc-j^ a/' ^iyoiiriiatiijn •if 
•.••/•t'u.'-yt A-".j:v.i p«ii. Tbis hs obwrvtfii LuaiinT ocher irT»ai.>gea deriTa- 
tivie^j. :i^.l b ;o be re^nnled u the i.vn;ie4aeii<--e ot' 'Jie iixrV'axeo.tiutaei 
«ifUrji :;■.■.- -t !h>?ir eaiuk. .\I1 ^-Tarii.nKa -.■ocipi.-iiniis trt imni-.'tiiain 
sahs. K. CNH.O.V Jecr,'-^ ^'t w-ji:er. iH.O : thtfret're th« moletoles, 
RCN. ■ ijhi ^ E>K^se>if the ^■iu:v ji o<(iibuun$ wit!) tvu moiiM.'nleis ijt 
water ■>! »->.ii ■.■eh-^r ni..Im.-al.f3 in i-.\;.'hao^ 6-t i'i (&*■ instaac*. with 
H^, jr HC!, -.r l'H,, io. , x:d uv iherer.'rt capable ot cumbiaing to- 
pftier. Tie c-,ml^iruidi ti .■£ iiiv;.-i;iles -;£ tfc 4wn« kinJ W went 9itfr« 
a i- wha: is a-aai: bj p«'E7Tiier'JiaCii>a." 

utj.:!:. ', mji;: h^-ii^t Ttiju.ia pui»IBa™lli». «nJl tifo^nnfl-im 
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Besides being a HubsUnce rerj prone to (omi polfmerides, cyanic ncid 
prceenta many other features of intei'est, expounded in greater detail 
in organic chemistt^. However we may mention here tbe production 
of tbe emanates by the oxidation of tbe metallic cyanides. Potassium 
cyaaat«, KCNO, is most often obtained in thia way. Solutions of 
q^anates by tbe adUitioi; of sulphuric acid yield cyanic add, which, 
however, immediately decomposes : CNHO + HjO = CO, + NHj. A 
solution of ammonium cyanale, CN(NHi)0, behaves in the same 
manner, but only in'the cold. On being heated it completely changes 
because it is transformed into urea. The composition of both sub- 
stances is identical, CN,H,0, but the structure, or disposition of, and 
connection between, the elements is different : in the ammonium 
cyanat* one atom of nitrogen eiists in the form of cyanogen, CN — 
that is, united with carboa— and the other as ammoniuro, NH,, but, 
as cyanic acid contains the hydronyl radicle of carbonic acid, OH(CK), 
the ammonium in this salt is united with oxygen. Tbe composition of 
thia salt is best expressed by sup[>osing one atom of tbe hydrogen in 
water to bo replaced by ammoulura and the other by cyanogen — i.e. 
that its composition is not symmetrical — whilst in urea both tha 
nitrogea atoms &K symmetrically and uniformly disposed as regards 
the radicle CO of carbonic acid : C0(NH,),. For this reason, urea is 
much more stable than ammonium cyaoate, and therefore the latter, 
on being slightly heated in solution, is converted into urea. This 
remarkable isomeric transformation was discovered by Wohler in 
1828.*' Formamide, HCONHj, and hydrocyanic acid, HON, as a 
nitrile, correspond with formic acid, HCOOH, and therefore ammonium 
formate, UCOONH,, and formamide, when acted on by heat and by 
substances which take up water (phosphoric anhydridejform bydroc-yaoic 
acid, HON, whilst, under many conditions (for instance, on combining 
with hydrochloric acid in presence of water), thia hydrocyanic acid forms 
formic acid and ammonia. Although containing hydrogen in tlie 
presence of two acid-forming elements— namely, carbon and nitrogen ** 

41 It hu u imporUnt tuBtoHcid intercat, mara espedAlly m at thsl time tuch on 
t*M.y prepution of ■nbttanwa cKcarring in orciuuuiii vithont tha aii of oignoic life Bu 
quite umpected, tat tbejr »en lappoaed lo be tomied uider tlie inOoeuu of Ibe lorces 
Kting ID orguunsg, ud without Ibo Uttei theit larautioD *M coctideicd impoBBibla. 
And In edditioD to dHtroying Ibij iUntioii, the euf tniuiboQ ol NH4OCN ihto COfNO,), 
li the beat eumple ol the puaege of one arttaia of eqailibrinin ol ktonu into soother 

" If uiimiRuesnd Bietbuie (muih gH) do not ahow enfacid propettiei, that i< bell 
prob&biht; duo to tbe preaencd of n luge unoont ol hjdrogeD m both; hut in hTdro- 
CTuiii^ Lcid one atom of hydrogen ia under the iufloence of two ecid-farmiug alemaaie. 
Acetylene, C,B„ which eoolaioa bal little hjdrogeu, preaeol* edd piopeitiu in iwtun 
Ritwcta, lot ita hydngea ia easily replaced by metkl*. HydiODitroaa acid, HKj, 
which coDUioa tittle bydrogea. elao bu the properties of an acid. 
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—hjintJAtiic af;id doM not giTe aa ndA mctioa vith titnu (<7miiio 
aeiil ha* Tery ro.^rked acid properties) ; but it /onn* tJu, MCN, 
Hm preMDtJDg the properUea of b feeble kcLd, and for UkM rmtiw ia 
called an a< iVf. The snull aoooat of energy irhich it haa U Bbovn 
by tho fact tli.it <.b<^ cjanid«s of the alkali metak — for instanco, potas- 
riom cyaniili. (KlIO + HON = H,0 + KCN) in •olotioo-bare • 
■trongly alkri,lin-t t''."U!t.ic>ii.*' If atnmonia be passed over charooal at 
ft rwl he«t, <".[".".'iii1)y in tho preaence of &n alkah, or if gaseotiB 
nitrogen b« [^ii'li."! thrbugh a miitUT« of cb«rcoal mod an alkaK 
(Mpecially potnih, KIIO), And alio its mixture of aitrogenom organie 
nbttancea itml nlkuli Im hnat«d to ft rod licat, in all fhnrn mtw tho 
■Ikoli metal L'iiinliiri"i with the carHon and nitrogen, foroing a tnetallic 
gyanldif, MCN— firr vxttniple, KCN.""* Potasstam cjaoide ia ranch 
Uiml Iti thn arti, iinil i< olilnlued, aa Above 8t«ted, ooder many circUD- 
RtntHWit— na, Fi>i' In-iliinn*, In irim toiolting, eipeciaLly with the aiKittaQoa 
of wimhI chniK'irtI, llin nub nt wh^uh OonUins much pot^uh. The nitfogen 
of Ih" air, IJiii iilknil ii( tha hH, and the ehan-onl are brought into 
owiUcl. at (1 )il«b t'liiparatnrn during Iron imelting, and therefor^ 
tin'tir IIk'hk i'i>iitblli)MK, n eoiiKlilerabln qnantity rif potJu&ium cyanide 
In Inrmi<i1. ftt jiinMii'u it la.iii't unual tu pruporo potossium cyanide 
dlrpi'tly, liiit n gini'iilinr Piirnpoitiid nf it GuntaioiDg potassinm, iron, 
fltt'l I'Vnii"];"!!. Thin ri>iii|Hmiiil i* ]H>taiaiuin ferrocyanide, and iaalao 
ViiiiMii n» •nU"i" fifiittiiitt iif jutiimh. Thi« caline aubitance (m* 
{'l,»,.("r \ \ 1 1) lin. ll.« oui»)K.tltl.>n K^FoCoNj + 2H,0. The name 
ft i7iiiiM,{.-ii (.i'.ni>0 I" ilnrlvwl fniiii thii property which this yollow 
liMiulnlr. |.i.an.-H<'a iif f.^riiiiiiH, witli a lu.lutioii of a ferrio salt, FeX„ 
Oi'i f>iiiillliir |rluiiii>)il rrtiBBku bbio. Tho yellow pmsiiate is manu* 
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factored on a large scale, and is generally used as the source of the 
other cyanogen compounds. 

If four parts of yellow prussiate be mixed with eight parts of water 
and three parts of sulphuric acid, and the mixture be heated, it decom- 
poses, volatile hydrocyanic acid separating. This was obtained for the 
first time by Scheele in 1782, but it was only known to him in solution. 
In 1809 Ittner prepared anhydrous prussic acid, and in i 81 5 Gay- 
Lussac finally settled its properties and showed that it contains only 
hydrogen, carbon, and nitrogen, CNH. If the distillate (a weak solu- 
tion of HON) be redistilled, and the first part collected, the*^ anhy- 
drous acid may be prepared from this stronger solution. In Order to do 
this, pieces of calcium chloride are added to the concentrated solution, 
when the anhydrous acid floats as a separate layer, because it is not 
soluble in an aqueous solution of calcium chloride. If this layer be 
then distilled over a new portion of calcium chloride at -the lowest 
temperature possible, the prussic acid may be obtained completely free 
from water. It is, however, necessary to use the greatest caution in 
work of this kind, because prussic acid, besides being extremely 
poisonous, is exceedingly volatile.^^ 

Anhydrous prussic acid is a very mobile and volatile liquid ; its 
specific gravity is 0*697 at 18^ ; at lower temperatures, especially when 
mixed with a small quantity of water, it easily congeals ; it boils at 26^» 
and therefore very easily evaporates, and at ordinary temperatures 
may be regarded as a gas. An insignificant amount, when inhaled or 
brought into contact with the skin, causes death. It is soluble in all 



** The mixture of the Tftpoiini of water and hydrocyanic acid, erolred on heating yellow 
pmsaiate with sulphoric acid, may be passed directly through vessels or tubes filled with, 
calcium chloride. These tubes must be cooled, because, in the first place, hydrocyanio 
acid easily changes on being heated, and, in the second place, the calcium chloride when 
warm would absorb less water. The mixture cl hydrocyanic acid and aqueous vapour 
on passing over a long layer of calcium chloride gives up water, and hydrocyanic acid 
alone remains in the vapour. It ought to be cooled as carefully as possible in order to 
bring it into a liquid condition. The method which Gay-Lussac employed for obtaining 
pure hydrocyanio acid consisted in the action of hydrochloric acid gas on mercuric 
cyanide. ' The latter may be obtained in a pore state if a solution of yellow prussiate be 
boiled with a solution of mercuric nitrate, filtered, and crystallised by cooling; th» 
mercuric cyanide is then obtained in the form of colourless crystals, Hg(CN)3. 

If a strong solution of hydrochloric acid be poured upon these crystals, and the mix- 
ture 6f vapours evolved, consisting of aqueous vapour, hydrochloric acid, and hydrocyanio 
«cid, be passed through » tube containingrfirst, marble (for absorbing the hydrochloric 
acid), and then lumps of calcium chloride,*on cooling the hydrocyanic acid will be con*' 
densed. In order \o obtain the latter in an anhydrou» form, the decomposition 
of heated mercury cyanide by hydrogen sniphiotd inay be made use of. Here the sulphur 
and cyanogen change ptlices, and hydrocyanio ftcid and mercury sulphide are formed 
Hg(CN)s ••- B^ s SHCN •!• HgGL 
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proportions in water, alcohol, and ether weak aqueous solutions art 
used in medicine.^'^ 

The salts MCN — for instance, potassium, sodium, ammonium — as 
well OS the salts M"(CN)2 — for example, barium, calcium, mercury — are 
soluble in water, but the cyanides of manganese, zinc, lead, and many 
others are insoluble in water. They form double salts with potassium 
cyanide and similar metallic cyanides, an example of which we will con* 
aider in a further description of the yellow prussiate. Not only are 
some of the double salts remarkable for their constancy and comparative 
stability, b\it so also are the soluble salt HgCsN^, the insoluble silver 
cyanide AgCN, and even potassium cyanide in the absence of wftter. 
The last salt,^^ when fused, acts as a reducing agent with its elements 
K and C, and oxidises when fused with lead oxide, forming potassium- 
cyanate, KOCN, which establishes the connection between HON -and 
OHCN — that is, between the nitriles of formic and carbonic acids — and 
this connection is the same as that between the acids themselves, since 
formic acid, on oxidation, yields carbonic acid. Free cyanogen, (CN)| 
or CNCN, corresponds to hydrocyanic acid in the same manner as free* 
chlorine, Clg or ClCl, corresponds to hydrochloric acid. This oompoeitioD» 
fudging from what has been already stated, exactly expresses that of 
the nitrile of oxalic acid, and, as a matter of fact, oxalate of ammonia 
and the amide corresponding with it (oxamide, Note 33), on being heated 
with phosphoric anhydride, which takes up the water, yield cyanogen^ 
(ON)). This substance is also produced by simply heating some of the 

^ A weak (up to 3 p.c.) aquoous lolation of hydrocyanic acid is obtained by the dii- 
tillation of certain vegetable substances. The so-called laurel water in particular enjoyt 
considerable uotoriety from its containing hydrocyanic acid. li is obtained by the 
steeping and distillation of laurel leaves. A similar kihd of water is formed by tha 
infusion and distillation of bitter almonds. It is well known that bitter almonds are 
poisonous, and have a peculiar characteristic taste. This bitter taste is due to ths 
presence of a certain substance called amygdalin, which can be extracted by alcohol* 
This amygdalin decomposes in an infusion of bruised almonds, forming the so-called 
bitter almond oil, glucose, and hydrocyanic acid : 

CioH«NOu + H,0 - CtH^O + CNH 9C«H,«Q^ 

Amygdalin in "Water Bitter Hydrocvanic Glncoee 

bitter almonds almond oil acid 

If after this the infutum of bitter almonds be distiUed with water, the hydrocyanic acid 
Mid the volatile bitter almond oil are carried over with the aqueous vapour.. The oil 
is iasoloble in water, or only sparingly soluble, while the hydrocyanic acid remains as an 
aqueous solution. Bitter almond water is similar to laurel water, and is used like the 
former in medicine, naturally only in small quantities because any considerable amount 
has poisonous effects. Perfectly pure anhydrous hydrocyanic acid keeps without change, 
Josl like the weak solutions, but the strong solutions only keep in the presenoe ol other 
AoUs. In the presenoe of many admixtures these solutions easily give a brown polymerio 
substance, which is also formed in a solution of potassium cyanide. 
«• This salt will Im described in Chapter XIIL 
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netallio cyanides. Mercuric cyanide is partioalarty adapted for this 
purpose, tieeaiiBe it is eaaily obtained in » pure stat* and is then very 
■t&bk. If mercuric cyanide be heated, it deconpMes, in like manner 
to mercury oxide, into metallic mercuty and cyanogen : HgCaN,* = Hg 
+ CjUj," When cyanogen is formed, part of it always polymerises 
inio a dark brown iasolnUe substance colled paraeyanogen, capable of 
forming cyanogen when beateil to redness.'* Cyanogen is a colourless, 
poisoDoos gao, with a peculiar imell and easily coudenKed by cooling 
into a colourless liquid, insoluble in water and having a specilic gravity 
ot 0'86. It boils at about —21", and therefore cyanogen may be easUjr 
condensed into a, liquid by a strong freexing mixture. At —35° liquid 
cyanogen solidifies. The gas is soluble in vater and in alcohol to a 
considerable extent — namely, I x'olume of water absorbs as muel) u 
4J volumes, and alcohol 23 volumes. Cyanogen resists the action o( 
& tdeiably high temperature without decomposing, but under the actios 
of the electric spark the carbon is separated, learing a volume of 
nitrogen equal to the volume of the giis taken. As it contAuis carbon 
it bums, and the colour of the Same is red dish -violet, which is duo to 
the presence of nitrogen, all compoonda of which impart more or lest 
of tliis reddish-violet hue to the fiame. During the combustion «( 

•- For tbe pnputtion il ii necOMi; ta take comtilotcl; drf meicaric cjuiide. b«c«iiM 
wbaa luatttl in the preicnc* of moiitore it givei unniaiui, cubonio ulijdrida, and 
bjclcoc;uiic Kid. lutud of mucuno cjruiide, t. miitoni ol perfectly diy yellow pnn- 
*uto and mercorin chloridfl nuy l» lufld, then doabla d«(anpoiiiiaii and iho fonafeUoa 
of mamiiic cyuilda take pUce io the retort. SilTer oyioide iIh diHiigigoi cyuiogeo, 
OB being hcAted. 

*■ FaTotsanogtn U * broKB eobatiuico (hiTing the eompoiilioo ot cysaogenj wbieb 
it (ormed daring Ibe prepurslioa of eyiDDKen by ell meUiodi, uid roouun* ee ■ [seidua. 
fiilTer cyuklde.onbDiag eligbtlyhebtedrfiieei, end cpd being fcTtherbeeted evolTeaegul 
A coneidenible quantity of pureeyiLiiogen remeine in the reeidne. Here it ie reaurksbU 
thai QVJUtly hAlf the cyeJiogen becrnaee Bieeoos, end the other helfie truikfoTDied into 
pencysDogdL UelnlUo (ilfet trill be tonnd io the reeidoe wUh the panryuioEcD; it 
maj be eTtr^oted with meicnry or nitric acid, which doee not act on puacyenogen. It 
puaoyuiogen be heulAl in a Tucniua it deajtapoeet, fonDing cyanogSD ; bnl here III* 
pniBOro J) (or a given tempentoni t cannot eice«d * ceitiun limit, eo that the pbeao- 
menon pnwnli all the eilernel nppeoronca of a phyeicol tmufomslion into nposT 1 
bal, neTerthelcBB, it ie a complete change in the natare of the aubttoacej Iboogh 
limited by tho prettart of dUtociaHiin, oa we un before in the tiuiafoimatian of 
cyftnurie into hydrocjuiie add, uid as would be expected from the foudamiuitaf 
priaoipln <if diaeociation. T^ooat aad Haatefenille (1868) fonnJ that for porocyanogen. 
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However, eten at iiO" port ol the cyanogen decompome into aufoon ood nitrogen. 
The retotso tninsilion ol cyanogen into paiacyanogen common«B at BSO", ond at ttOO" 
pnceedi rapidly. And il the tronattion of the Brat Vmi ia liksnai] to evapontion, thM 
(he revBTie transition, or polymeriution, pieiButa a Ukeneu to the tnoallian of vapotn 
into Uio lolid elate. 

•a 
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cyanogen, carbonic anhydride and nitrogen are formed. The same 
products are obtained in the eudiometer with oxygen or by the actioa 
of cyanogen on many oxides at a red heat. 

The relation of cyanogen to the metallic cyanides is seen not only 
in the fact that it is formed from mercuric cyanide, but also by its 
forming cyanide of sodium or potassium on being heated with either of 
those metals, the sodium or potassium taking fire in the cyanogen. 
On heating a mixture of hydrogen and cyanogen to 500^ (Berthelot),^^ 
or under the action of the silent discharge (Boilleau), hydrocyanic 
acid is formed, so that the reciprocity of the transitions does not 
leave any doubt in the matter that all the nitriles of the organic acids 
contain cyanogen, just as all the organic acids contain carboxyl and 
in it the elements of carbonic anhydride. Besides the amides/'^ the 
nitriles (or cyanogen compounds, RON), and nitro-compounds (con- 
taining the radicle of nitric acid, RNO3), there are a great number 
uf other substances containing at the same time carbon and nitrogen, 
particulars of which must be sought for in special works on organic 
chemistry. 

^ Cyftnogen (like chlorine) is absorbed by a solution of sodinm hydroxide, sodium 
eyaside and eyanate being produced : CaN, + 2NaH0 « NaCN •*- CNNaO + H^O. But the 
latter salt decomposes relatirely easily, and moreover part of the cyanogen liberated by 
heat from its compounds undergoes a more complex transformation. 

^ If, in general, compounds containing the radicle NH9 are called amides, some of the 
amines ought to be ranked with them ; namely, the hydrcx^rbons CmH^hi, in which part of 
Ihe hydrogen is replaced by NH3 ; for instance, methylamine, CH^Hs, aniline, C^H^NHf, 
Ac. In general the amines may be represented as ammonia in which part or all of the 
hydrogen is replaced by hydrocarbon radicles— as, for example, trimethylamine, N(CU3)5. 
They, like ammonia, combine with acids and form crystaUino salts. AnaJogous substancea 
are sometimes met with in nature, and bear the general name of alkaloidt; such are» 
for instance, quinine in cinchona bark, nicotine in tobacco, &c. 



CHAPTER X. 

BODIDM CBLORIDE— BKRTHOLLBT'8 LAWS— HTDROCSLOBIO ACID 

In the preceding chapters we hava becocne Mquunt«d with the mort 
important propertiet of tho four element!, hydrogen, oxjgen, nitrogeii, 
*Dd csrboQ. Thef are sometimes termed the organogentt because thejr 
enter into the composition of organic substances. Their mntugJ (»m- 
binations may serve as types (or alt other chemical compounds — that is, 
they present the saine atomic relations (types, forms, or grades of 
combinations) as those in which the other elements also combine 
together. 

Hydrogen, HH, or, in general, HB. 

Water, H,0, „ „ H,R. 

Ammonia, HjN,' „ „ H,B. 

Marsh gas, H^C, „ „ H4R. 

One, two, three, and (oar atoms of hydrogen enter into these 
molC'Wles (or one atom of another element. Ko compounds o( one atom 
of oxygen with three or four atoms of hydrogen are known ; hence the 
atom of oxygen does not possess certain properties which are found in 
the atoms of carbon and nitrogen. 

The faculty of an element to form a compound of deSnite cotnposi' 
tion with hydrogen (or an element analogous to it) gives the possibilit) 
of foretelling the composition of many other of its compounds. Thus, 
if we Icnow that an element, M, combines with hydrogen, forming 
by preference, a gaseous substance such as SM, but not forming 
H,M, H,M, HbMb. then we must conclude, on the basis of the law of 
substitation, that this element will give compounds lifi, MjN, UHO, 
UB}C, iic. Chlorine is an example of this kind. If we know that 
another element, R, like oxygen, gives with hydrc^en a molecule H,R, 
then we may expect that it will form compounds similar to hydrogen 
peroxide, the metallic oxides, carbonic anhydride, or carbonic oxid^ 
and others. Sulphur is an instance of this kind. Hence the elements 
may be classified according to their resemblance to hydrogen, oxygen, 
iiitrogen, nod carbon, and in conformity with this analogy it is possible 
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t« foretell, i£ not tlie properties (for exam^ile, the acidity or basicity), 
»t »ny nte the cumpositioo,' of some of their compoundi. Thii forma 
the iiibetanco of the wnceplicmo/tie valencyor alnmkityofthedenmtU. 
Hjdrogen !■ taken as the repreeectatiTe of the umvalent elemeats, 
jiving compouiiJs, RH, R(OH), RjO, RCl, BjN, E,C, l-c. Oxj-geo, 
in thftt form in which it gives water, is the representative of the 

I But It 1* Lirniovilll^ t^ lai»A\ 4U Ihe compoundi formed br Bn delo'nl Inm its 
ktonkitT <a val^iicy, bi-.'suu the nlomicitr o( Iha elementi ii vuuble. t>Dd fgrtbeRncra 
thi> TuUbility is Qot identic*! tor diSsninl eUmfnU. la CO^ COX^ CHi, ud lta» 
multitiid*o( U-rlion roni[ioiiiidiciirT(ii)>oDcliiigirith them, the C 19 quadriileiit, bol in 
CO •rihM Iha rifhnn m n-l bo UVeo M hiv»J«nt or the alomieilj ol axjgen be ucoantod 
M *uUbla, Har-ovur, rirlun ii kn eumplD of u elemeat vhich pniHn« iu Uomi- 
c[(T lo ■ graol^i degree than moil «l Iha othel alenwntl. Nitrogen in KHj, KH^OH). 
N^i, udonninCMl, mUBtbeMmiidand u Irinleot, bnt io NB«C1, NOi(OH), uid 
in all (hair CDrii.'!pniidi»^ eoispiiDada it it DKHUiilf penttTalent. In VJi, if tha 
alomliiitT of oiyt:e<ii - a, nitrogen liu no nBeren Uomicity (1, S, e), vhitrt in NO il Ii 
bivalent, II lul^hur be biintsnt, like oij^n. in nUDj ol'ila eompoonda (f« eiuupl?, 
HtS, BCI,, KHH, lie), then It could Det be tnreieeD from Uiii th&l il would fom SO], 
BOb BCI,, BOD,, snil m, Kriet of liniilu compoupdB in tthich ill atomlcitr miut be 
Mlnuvladged 10 gitater than 9. Thus BOi, aalphorone uibi'dride, hat muf 
poind In comntin wiih CO,, and it oacbon be qnadrirsleDl then Che S in SO] il 
qnad/liilenl. 'Ih.'i. r.ire iho principle ot atomicity (valancj) ol the elemcots eannot be 
iioiuidereda>t>'-'li-li< 1 n- tlii< baaii for tbe slndy of Ihe elementa, althmgh ilgiru wi eur 
method otgrttrniL; many anxlnsiei. I cniDiider Ihe totu iDllDiriii; u Ihe cbiel ohittclea 
to »ckDaw1ed|[liig the ^tomiciti ol the element* a> ■ primary conoeptico fat the oon. 

■ppeu Is a free (tale a* molecalei H„ Clj, fo., uid ate conieqaently like the vuTilent 
ladldal CHj, OU, CO,H, tie., which, u miglit be expected, appear u C,H» OgH^ 
CfOtH] (ethane, hjdrogen peroiide, oialic acid), wbitat on (ha othei.haod, p<^aHiiim 
and lodium (perhapa alu iodine at a high temperatare] caotain onlj one ttaat, K, Na, 
in the molooola in a tree atito. HeoeeitroUowi Ihat/rw ojKniiiet majejort. Granting 
ihii, nothing preTenla the awnmplion that free aSnitiei eiiit in all aniatnratad com- 
poDoda ; tor eiample, two free affinitlea in NHj. It aoch inatanua of (ra* aOnitiet b* 
admitled, then all the poaiibte adrantagea to be gained bj the application of tha doctrine 
ot atomicitf (ralepcj) are lost. S. There are inatancet— for example, Na^— where nni- 

molecnioa, B,, R4, ic; Ihia maj again be aither laJicn as evtdenoe of the enataneeoi 

hjdrogen being couildered aa variable in their atomicilj. 8, The periodie arttam ot the 
clemenla, with which we aball aftarwardi become acqoainled, ihowa that than ia a law 
or rule for Ihe Tarialign ol the forms ol oxygen and hydrogen compODDda: ddarios it 
uniTalent with reaped to hjdrogen, and aaptavalflnt wiUi reapect to oxjgeni aalpbor li 
bivalent to hydiogen, and setaialant to oxjgen ; phoaphores ii tri'^lanl to hjdmgen 
and panUvalenl in reaped to oxygen— the Inm ia in every case oqnal to B. OnlytoHMa 
and ill analogue* (lor example, ailicon) are qnadrivalent lo both hydrogen and oxygen. 
Hence the power ol the elemenle to change their atomicity is u euenUal put ol U»it 
natore, and therelore contlant raleacj cannot be ooniidered a* a iDodamental property. 
«. CfyttsJlo-hyiiralet (lor Instanoe, Naa,aH,0, or NaBr,3H,0|, double aalla (anch a* 
PtCl.,lKCl,HiSiF„ «c.), and aimiltr complei componndi (and, socordmg to Chap. L, 
•oluliona alao) demontlrate tha capacity not only ol the elemenla themsel™*, but *]«> ot 
their aalnratwi and limiting compoonda, ot entering into forthir combination. Thar*- 
'e Ihe adioiiuDi ol a deSnlte limited atomicity ol the elemesta indndea la iUell an 
'A the nator* ot cbn 
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Wwdeut deraents, forming RH„ RO, RCI„ RHCl, R(0H)C1, B(OH)„ 
RiO, RCN, &c. Nitrogen in ammonia is the repreaentative of tho 
trivalent elemenU, giving compounds RHj, RjOj, R(0H}3, RCI„ RN. 
RHQ ic. In carbon are exemplified the properties of the (juadrivalent 
elements, forming RH„ ROj, RO(OH),. R(OH)., RHN, RC1„ RHCl,, 
Ac. Wc meet with these /ornu of ecrtuhination, or degrees of union ol 
»toms, in &11 other elements, some being analogous to hvdrogen, others to 
oiygen, and others to nitrogen or to carbon. But besides these quan- 
titative analogies or resemblances, which are foretold bj the law of 
substitution (Chapter VI,), there exist among the elements qualita- 
tive analogies and relations which are not fully seen in the compounds 
of the elements which have been considered, but are moat distinctly 
exhibited in the formation of bosei, acids, and salts of different types 
and properties. Therefore, for e. complete study of the nature of the 
elementa and their compounds it is especially important to become 
acquainted. with the salts, as substances of a peculiar character, and 
with the corresponding acids atid*bases. Common tAblesalt, orsodium 
chloride, NaCl, may in every respect be taken as a type of salts in 
general, and wc will therefore pass to the consideration of this aub- 
Btance, and of hydrochloric acid, and of the base sodium hydroxide, 
formed by the iion*metnl chlorine and the metal sodium, which corre- 
spond with it. 

Sodium chloride, NaCI, the ^miliar table Ealt, occurs, although 
in very small quantitic^s, in all the primary foimations of the earth's 
orust,* from which it is washed away by the atmospheric waters ; it is 
contained in small quantities in all waters Qowing through these forma- 
tiona, and is in this manner conveyed to the oceans and seas. The 
immense mass of salt in the oceans has been accumulated by this process 
from the remote ages oE the earth's creation, because the water has 
evaporated from tlieia while the salt has remained in solution. The salt 
of sea water serves ss the source not only for its direct extraction, but 
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It ihota which io ool b«u uy diitinct trues ol tivicg 

SBimiJ or vagsUble lila), auni onder Uio HdisieDtuj fomiliiniB of tho urth, uid ui 
•nrywhan uiibma in eoDpotltian ia& (trnctsn, Uis latter beuig geiienlly dittindlf 
ujrttalUiie. II it ba iMDnud that tho eu-th wu cti^il\y Id a noltcD condiliaa, Ihe 
ftnl priiDuy *-r"'''"' « thoH wliich [onaed ths fint KJid crust ol tlin eutb. But 
e*cn tfitb (hi« bjrpotheu d the fluth'i ori^n, it it bacb9muj to bdniit ih^t th« first 
SqEHOiu depoaiti mut hvro DBUaed & changa in tho original onut of tha oajth, sad 

tha pioducta ol deDompnution (oumIIt b] atmospheric, uiDeooi, and orgaais ngnieip, Aa), 
{torn which all tha rocka and aitbatAacftfl ol tha'eajth'a aJcrlacfl hftva ariaon. In apeaJrittf 
ol tb* ori^n of on* or another (ulutanca, we eta only, oD tba bui* ol laota, daaeand to 
Uiopriiaai7 foiiDationi,ot which gruiite, gneiaa, and trsehyla najbe taken aa 



A 



420 PEKCIPLES OF CHEMISTBY 

kUo tor th« formntioQ of other mussca of worlcabte salt, suoH as rock 
■alt, and of tnline springs and lakes.' "' 

The eKtrai^tii.>n of sult/rom wn tcaler is carried on in several ways. 
In southern rliuR'^, cspociallyon the shores of the Atlantic Ocean and the 
Uedit«rrancr>ii anJ I'Uck Seofl, the sDotmer beats are taken advantage 
of. A convt-nicnt tow-l;ing se.i shore is chosen, and a vholo series of 
baains, comm inn eating with each other, arc constructed along it. The 
n))per of thme basins are filled mith sea water by pumping, or else 
advantage is t.i1<enuf high tides. These basins are sometimes separated 
from the Be.t by natural sand-banks (Hmans) or by artificial means, and 
in spring the witer already begins to cvaporsta considerably, A» the 
solution bectijiiea more conwatratcd, it is run into the sacceeding boniu, 
and the appcr ones ure supplied with a fresh quantity of sea water, or 
else an arrangoment is uiade enabling the salt wnter to flow by degrees 
through the £«M'ies of biuiins. It is evident that the beds of the basins 
■honid be as far h; possible ImperA-ions to water, and for thb purpose 
Ihej are made of beaten clay. Tho crystals of salt begin to separate 
out when the concentration attains 23 p.c. of salt (which corresponds 
to 28° of BaunWa hydrometer). They are raked off, and employed 
for all those purposes to which table salt is applicnhle. In the innjority 
of cases only the first half of the sodium chloride which can be separated 
frooi the ken, water is extracted, because the second half has a bitt«r 
taste from the presence of magnesium salts which separate out together 
with the sodium salt. But in certain localities — as, for instance, in the 
e»tuary of the Rhone, on the island of Camarga* — the evaporation is 
carried on to the very end, in order to obtain those magnesium and 
potasnium salts which separate out at the end of the evaporation of sea 
water. Vnrious salts are separated from sea water in its evaporation. 
Prom 100 parts of sea water there separates out, by natural and arti- 
6cial evaporation, about one part of tolerably pure table salt at the 
very commeneonient of tho operation ; the total amount held in solu- 
tion being about 2^ p.c. The remaining' portion separates out inter- 

■ b^ Chloride of Bodjum haj b#«n found to occur in the atmotpher* in tlbe form of & 



(he Pic du Midi ('J37; iiictni above Uie mi levr\) (nntained St milligtsm of cUorida 
of toJiam. wLile a liiro of nin coUecled from the viJIey contained Si-J-O miUigrann. 

' The eitrm.on of Iha potatiium hIU (or to-called mmmet laltg) wmt carried on at 
■lh» I.le of Ciin»r|(n nUmit 1S70, whtn I had occMion to tiiit that ipot. At ihe prwenl 
time Ihe dtposilt of Slmifurt proride u much cheaper taJt, oviaf to the avaporaUoii ud 
•eparalion ol the ull brinti curried on there by nAtanJ meaniand only requiring atlMt- 
■nanl and retinins, whicb ii alwi nscaHary in odditioa tor the'ioauncr lall' obtusad 
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mixed with the bitter salta of magQeaium which, owfng to their solu- 
bility and the imall amoimt in which they are present (less Ihna 
1 p.c), only Beparate out, in the first crystallisations, in trace* 
Gypsum, or calcium sulphate, CaS0,2H,0, because of its sparing 
solubility, separates together with or even before the table salt. When 
about half of the latter has separated, then a mixture of table salt 
and magnesium sulphate separates out, and on atill further evapora- 
tion the chlorides of potassium and magnesium begin to separate 
in a state of combination, forming the double salt KMgClj,CH,0, 
■which oocors in nature as carnallilt.' After the separation of this 
salt fi-om sea water, there remains e. mother liquor containing a 
large amount of magnesium chloride in admixture with various 
Other salts." The extraction of sea salli is usually carried on for the 
purpose of procuring table salt, ami therefore directly it begins to 
sepamte mixed with a considerable proportion^ of magnesium salts 
{when it acquires a bitter taste) the remaining liquor is run back into 
the sea. 

The same process which is employed (or artificially obtaining salt 
in a crystaUine form from sea water has been repeatedly accomplished 
during the geological evolation of the earth on a gigantic scale ; op 
heavals of the earth have cut off portions of the sea from the remainder 
{be the Dead Sea was formerly a part of the Mediterranean, and the Sea 
of Aral of the Caspian), and their water has evaporated and formed 
{if the mass of the infiowing fresh water were less than that of the 
moss evaporated) deposits of rorA* aall. It is always accompanied by 
gypsum, because the latter is separated from sea water with or before 
tlie sodium chloride. For this reason rock salt may always be looked for 



couponM thii doubt 
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^ rnpertj of siJtB i 
A wttei contum Uiia oi that s&ll, but oal; tlut it coatu 
itab M (uuliklml like Na lad K.^nd binleot like Mg u 
haloidi X (tnurslant like CI, Br, uid biratenl like SO,. COjl, vliicli u» dispoMd ia 
cveiy pOHible kind o[ groaping ; for instuce, E u KCl, KBr, K,SOt. Mg ■• MgClj. 
UgBr,, UkSO(, uid so on lor all Ihe athu melalK Is evuponlion diflereDt satis Mpuats 
out consecuUvelj out; because thej leacti littinttoo. A ptool at this ma; be kcd in 
the [ul thai ■ ulDtion of d miitnis of (odiom chlondn and nukgnapiaiD tnlpbale Iboth 
el nhich mIW MS obtnined Irom wa unl*r, si was mentionod «bo'e), when tvnporsted. 
dfpositi cryitali of tlu» galti, but wbsn refrigerated |if the ei<!utiDd be tufficimtl; 
telorsled) the ult Ni,SO„10HjO ia flnl depouted becaoae it i» Iba Brat to ani'a al 
■atuntioD at law temperaturci. CDnaeqaentl; Ibu loltilioii coDtami tUgCl, and Nh,SO,, 
beudei UgSOt and NaCl. So it is with tea water. 

" The lalt eiliailed Irom water ia piled op in heapi lad left oipowd to tha aclion of 
nin waler, wlitcb purifiei it, owing to the water liucoiaing aatDrated with lodiuin chlorida 
id then no longer diiHlnng it, but washing out Uu imiiiuiliiia. 
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In tiiMe lockHtW vh<:m there An depotita of gj|»uiu. But inaannd 
M tbft gnmrn rf^main* on the ijwt where it hks been d*p<wited (as 
HliK iparingly vyIuKle uU), whikt the roclc salt ^aione which is tt^ 
MlvMe) n»7 1^ wmherf away fcy rain or fresh rnnning wilef, it may 
aoBrtimef hfti>[-'^n that nltbongh grpinm b still found there Duy be 
.no wit ; but, '>ii ttic otlinr band, where there ii rock salt there will 
always be gJl'"S(i>. A> th? geological changes of the earth's snrfaoe 
WS still proccKliriK nt thn present day, so in the midst of the dry land 
•■It lakes are imt witii, which are ttmititimfM scattered over nut db- 
triots formerly f:oyi:r'i] hy R«fu now dried up. Such ia the origin of 
many of thosiJl M.en nUiut the lower portions of the Volga and in the 
Kirghiz Hteppci, whl1^r^ at a geological epoch preceding the present the 
Ara]i>.Cnspiart Si-ll ntmilfrd. Buch are the Baskancbaksky (in the 
OoTeminent if Aitrnklmn, 113 iquare kilometres luperficisl area), the 
Eltonslcy (HI) vrrntu frinn the left bank of the Volga, and 200 square 
kilometres in '(i[»-rli<:i(il nrea), ond upward of 700 other sdlt lakw 
lying alymt th.' I.^w.t [Hirlions of the Volga. In those in which the 
Inflow of fres}i w^r', r i-. hr.; tlinn timt yearly i-vripurnlrii, and in which 
the conceiltri'i.i. -S ili. ....liuiiin li;n r'Mi.li.il '.i.tiir;iti'.>ii, iLa if!/- 

depoiileilwXlln found nlready deposited on their beds, or is being yearly 
deposited during the summermonths. Certain linjana, or sea-side lakes, 
of the Az<ifT Hoa. are ot^sontially uf the same character— as, for instance, 
those in the iicighbourhoud of Henichesk and Berdiansk. The saline 
■oils of certain Central Asian st^ppei, which suffer from a want of 
Atmospheric fresh writer, arc of the same origin. Their salt originally 
proceeded from the sftltuf seas which previously covered these localities, 
-nnd has not yet Iwen washed away by fresh water. The main result of 
the abnvo-dcscrilHHl process of nature ia the formation of masses of rock 
■alt, which aro, however, being gradually washed away by the Bubeoil 
w»t<>r8 flowing in their neighbourhood, and afterwards rising to the 
■nrfaco in ccrtiiin places as saline tpringii, which indicate the presence 
of masses of ilppositcd rock salt in the depths of the earth. If thesub- 
■oil water flows along a stratum of salt for a sufficient length of time it 
Iwcomrs saturated ; but in flowing in its further course along an im- 
perviiiui stratum (clay) it liecomes diluted by the fresh water leaking 
through the up|ior soil, and therefore the greater the distance of a 
•aline spring fmin (he deposit of rock salt, the poorer will it be in 
■all. A perfectly saturatnl brine, however, may be procured from the 
depths of the earth by means of bot«-ho1es. The deposits of rock salt 
Oiemtelvcs which are siiuiotimes hidden at great depths below the 
earth's strata, may l>c disctivercd by the guidance of bore holes and the 
direction of iLt tVnXt, of the district. Deposit* of rock aaJt, abort 
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35 metres thick and 20 metres helow the surface, were dLicovered in thu 

manner in the neighbouiUood of Brians tcheffky and Dekonoffky, in 

the Bakhmut district of the Goverument of Ekaterinoslav Large 

quimtities of most excelleal rock salt are now (since ISSO) obtained from 

theee depodta, whose presence was indicated by the neighbouring salt 

' springs (near Slaviansk and Baklimut) and by bore-holes which had been 

sunk in these localities for procuring strong (saturated) brines. But 

the Stawfurt deposits of rook salt near Magdeburg in Germany ate 

celebrated as being the first discovered in this manner, and for their 

many remarkable peculiarities.' The plentiful distribution of saline 

springs in this and the neighbouring distriota suggested the presence 

^^^^V of deposits of rock salt in the vicinity. Beep bore-bolea sunk in 

^^^^f this locality did in fact give a richer briue~evea quite saturated 

^^^^ wiih salt. On sinking to a still greater depth, the deposits of salt 

themselves were at last arrived at. But the first deposit which wna 

met with consisted of a bitter salt unfit tor consumptioo, and was 

therefore called refuse salt (Abraumtah). On sinking still deeper vast 

beds of real rock salt were struck. In this instance the presence of 

I these upper strata containing salts of potassium, magnesium, and 

■ sodium is an escelleni proof of the formation of rock solt from sea water. 

^^^^^ It is very evident that not only a case of evaporation to the end — as far, 
^^^^H for instance, as the separation of camallite — but also the preGen'ation 
^^^^P of such soluble salts as separate out from sea water after the sodium 
^^^^^ chloride, must be a very exceptional phenomenon, which is not repeated 
r in all deposits of rook salt. The Stossfurt deposits therefore are of 

I particular interest, not only from a scientific point of view, but also 

^^^^ because they form a rich source of potassium salts which have many 
^^^^L practical uses,' '*' 

^^^^H ' Vlien the Ouman HTimti pointed 

m 

[ 

I 



be Ouman hti 
bcdi and their deplh b«lo( 

u quuttra n>[;«ctiii([ bois-holi 
boTingi, conducted by the Oan-mme 



cut the siut Iccalil; ol lb* BtiMtmt ult- 
I, on the buii cf infonnation collected from 
id tfaft direction of thff Btntft, and whan the 
■track ft iKlt-bcd which k» bitt«r and anAi 
Bciencc, Aai the doubtful ntult even ciUMd 
Miution of the farther nork of deepening the thofli It required ■ giett 
. to peimndo the Govemment to conlinoe tbs work. Now, when the pure udt 
iRteied beloT lonu one of the iraportuit lichea of Oermu]', and when thoio 
K eatti ' hai« proTsd (o be moat raliuble lu a soutce of potaniamandnupneeiniD), 
lould tea in the Btiluation of Iho SUuafnrt dcpotiM one ol tbe conqueal* of uienca 
le common wellSia. 

>•>' In Wetlam Europe, det>outi ol lock udt have long been known at Wielicika, 

Cracow, and at Cardona in Spain. In RoHia the foIloKing depoHtiare known: 

le vdM ma«u> ol rock salt (3 tqnue kilometiei area and np to 110 metre! thick) 

l^ag diteoU J on lh« soriacs Mthooarth at Ilolikj ZMtehil,on the leflbankof tharirer 

" ' in the aoveromenl ot Oreibuig; li) the Chingakd^y deposit. 90 vent* Itocp lb* 

Volga, In the Eootaefliky diitrict ot the GoTerament of Astrakbaa; (c) Iha 

Xnlaplnilqr (and other] daporita {whoaa thicknet* attuaa ISO metrea), OD tba Aiaki, in 
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water is pumped, run along the top. On flowing from theee trougha, 
through the openiage, a, the water sprenda over the brushwood and 
distributes Jtielf iu a thin layer over it, so that it presents a very large 
surface for evaporation, in con^rguence of which it rapidly become* 
concentrated in varm or windy weather. After trickling over the 
brushwood, the solution collects in a reservoir under t!iB graduator, 
whence it is usually pumped up by the pumps p p', and again rua a 
aecond and third time through the gradualor, until the solution reaches 
a. degree oE concentration at which it becomes profitable to extract 
the salt by direct heating. Generally the evaporation in the graduator 
is not carried beyond a concentration of IS to IS parts of salt ia 
100 parts of solution. Strong natural solutions of salt, and also the 
graduated solutions, ai'e evaporated in large shallow metallio veasels, 
which are either heated by the direct action of the flame from below 
or from above. These vessels are made of boiler plate, and are called 
salt-pans. Various means are employed for acoelerating the evapora- 
tion and for economising fuel, which are mainly based on an arti&cial 
draught to carry off the steam as it is formed, and on subjecting the 
saline solution to a preliminary heating by the wuste heat of the steam 
and furnace gases. Furthermore, the flrat portions of the salt which 
crystallise out in the salt- pans are invariably contaminated with gypsum, 
since the waters of saline springs always contain this substance. It is 
only the portions of the salt which separate later that are distinguished 
bj- their great purity. The salt is ladled out as it is deposited, left to 
drain on inclined tables and then dried, and in this manner the so- 
called bay salt is obtained. Since it has become possible to discover 
the saline deposits themselves, the extraction of table salt from the 
water of saline spiinf^s by evaporation, which previously was in general 
use, has begun to be disused, and is only able to hold its ground in 
places where fuel is cheap. 

In order to understand the full importance of the extraction of 
salt, it need only be mentioned that on the average 20 lbs. of table salt 
are consumed yearly per head of population, directly in food orfor cattle. 
In those countries where common salt is employed in technical pro- 
cesses, and especially in England, almost en equal quantity is consumed 
in the production ot substances containing chlorine and sodium, and 
especially in the manufacture of washing soda, &c., and of chlorine 
compounds (bleaching powder and hyrdochloric acid), The yearly pro- 
duction of salt in Europe amounts to as much as 7^ million tons. 

Although certain lumps of rock salt and crystals of bay salt some- 
times consist of almost pure sodium chloride, still the ordinary com- 
mercial salt contains various impurities, the most common ot whirh are 
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maghettum mSts. If the mlH be pore, ita solution gives no precipitntft 
with Bodiam cftrbniidtp, NsjC'Oj, Mhowing the ftbaenco o£ magneaium 
nlU, becaase magnesium carbonate, MgCO,, is insoluble in waten 
Rock salt, which is f;rountl for use, generally contains alao a considerable 
kdmixture of claj- iLini nlher insoluble impurities.* For ordinary UEfl 
the bulk nt the ea 1 1 obtained . can bo employed directly without turth^ 
purification ; but sume salts are purified by solution and crystalliaalioft 
of the solution aftri- slanilitif;, in ivhieh cnse the evaporation is nnt car- 
ried on to dryness, and tlis iupuritios romiiiu in Ufo /tiMi«f iij,tOi- i/r 

in the aediment. When perfectly pure aalt il reqnind for ohemical 
pnrpcwei it is beat obtained u followt: ■ ntanted solntion of t&ble 
Mlt IB prepared^ and hydroehlorie acid gH is pMied through it ; thii 
prMipitatei the sodium chloride {whieh ia not aolnblfl in n atrong aolu' 
tion of hydrochloric acid), while the impnriliea remain in •oltitioD. Sf 
repeating the opemtion and buing the iftlt (when adhering hydro- 
chloric acid is volatilised) a pure aalt it obUiued, which is again 
ctyatallised from its solution by evaporation,* 

Pure sodium chloride, in well-defined cryatale (slowly deposited 
at the bottom of the liquid) or in compact masses (in which form ndi 
aalt ia sometimes met with), ia a colonrleaa and transparent substance 
resembling, but more brittle and less hard than, glass.'" Common 
salt always crystalliBes in the cubic system, most frequency in cuAe*, 
and more rarely in octahedra. I^rge transparent cubes of common 
•alt, having edges up to 10 centimetres long, arc sometimes found in 
Inasses of rocb salt," When ovaporatod in the open the salt often- 

* Thfl Fraetnro of rock saR genanJIy thovB lh« praHnoe of iDterljLjfln ol impntitiM 
which tn Hinetimei yr.rj Hiwll in weight, bot Tiiihle owing to their nCnctioo. Is lbs 
eiccllenlly luid out aalt minea o[ Briuiak I counta] (18«8), it my msmorT doea oat 

would b« S50 intecLajrera for this whoU thickneat (abont SS matrsi) of tlio b*d. ThcT 
pnbablj camapond with the yearly dtpoiition of the laJt. In thia cats Uia depoiiUon 

• ily own iHTDitigalioDa have abown thit not oolj the aolphalM, but alao Uw 
pot^Bsiuni suits, tn entinl; rsmoved by thii method. 

1° According (o the dcUrminalioni ol Klodt, the Briauek rock aaJt withituda k 
t>nstare ot 310 kilDgnmi pti squLre ccntimeln, whilat glau witbatuda 1,100 kilo*. 
In Ihia reepoct aett i^ twice aa lecun u briclta. Lnd thenfore imnseDae naaa** out be 
eitracled from and^rgroond worliinge witli perfect a^oty, witlioat luTing noHina lo 
brickwoik supports, merely Uliing Bdrantage of the propertiel of the lalt iMU. 

11 To obtain weU-fomied «jiUl>, a aaCortted aoIntioD ia miied.with feme chloride, 
wranl amall cryaUla of lodiitiii chloride >» pUcad at th« bottom, and Um aolation 
ia allowed In evaporate alowly ia a veuelwith a looae-fittiog oorer. Oetaliadnl crjitala 
tn obtained by the addition ol boiu, urea, Ac, to Iba •olution. Tnjr fine ojftal* i» 
termed In a inau ol gaklinona Aa*. 
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isepsntea out on the lurfnco '* as cubes, which grow on M each Other 
in the form of pyramidal equare funnels. In Bt[ll wenther, them 
clusters are able to support themselves on the surface of the water for 
a Umg time, and sometimes go on increaain;; to a oonalderable estoat, 
but they sink directly the water penetrates inside them. Salt fuses 
to a colourless liquid («p. gr. r602, aceordbg t« Quincke) at 851° 
(V. Meyer) ; it pure it solidifies to a non -crystalline maas, and if impure 
to an opaque mass whose surface is not smooth In fusing, sodiura 
chloride commeDces to volatilise (its weight decreases) and at a white 
heat it volatilises with. great ease and completely ; but at the ordinary 
temperature it mny, like allordinni'y salts, beconaiderdasnori'Volntile, 
althoagh as yet no exact experiments have been made in this direction. 
A saturated '^ solution of table salt (containing 36'4 p.c.) baa at 
the ordinary temperature a specific gravity of about 1-2. The specific 
gravity of the crystals is 2'167 (17°), The salt which seporates out 
at the ordinary and higher teaperfttures contains no water of crystal^ 
lisation ; " but if the crystals are formed at a low temperature 
" 11 ■ulDtion ol ■odium chloride bs slowlr tiwUd fiom ^boye, when the «»ipormti(iii 
Uk» pUca, thea the oppu lajper will bcconia utikitted Man Urn Imrer wid ccolar 
l*;en, and therefoio cryitalllulloii will begiooD UiesDiIac«,iUidthscr7it»I>fintIormed 
will Bot.1, hiving aiia diisd (ram nbove, on Ihe ■mfue ontit the; bscome quite twlied. 
Being bniiei (hu the leluKoa the crjilnlB an pirtiill; iauDeraed under it, end the 
fullowing crjatalUtaklioD, bIbo proceeding m the aurfue, will otily form cryit&lB tloa^ 
the side of the otiginii] orystsli, A fnanel ie loimed in tfaia mumai. It will be 
bonie on the BurFaoe like a boBt (if the liquid be qiucBcont), becBiue it will grow more 
tcom Ibe upper edges. Ws c*n (hn* nndsntaod this at fit>t aigbt Nnfiga funnel fonn 

conditioni hegiea &b the surikce Kud nal at Uis Idhbf layen, it iniut be mentioned Uiat 
the Bpeclfle gcavil; oI ■ ccTitDl ot (oditiRi chloride - 3'lfl, end that ul a wilBtian iRtDMed 
el ii" coatuDB 10-7 p.e. ol mU uid Iub ■ ipeciSB gnvlty »t U°/«° of l^OOt; atlS^a 
tiLlanted Bclution GODttlaB M'G p.c. of salt end hu ■ ep. gt. 1803 at IG°/<°. Bonoo a 
KdotioD B4timted at it higher tempentms li BpeciflcBllr lighter, notwiUiitending the 
grcBter uooodI of wII 11 cootahiB. WilliiauijtuhtUacriitiirfattcry$taUualioncaaoM 
take place beciCM their BolubilitytnoruwB mora ncidlj with the teinpentnre than their 
•pociacgTBvit}' decieUBB. la thii cue the utorated Bolntion will alwaya be ia the loww 
layers, where sUo the cij'i'a"''''^'' '^ ^"^ piece. Besidoe which il mBy be iidded thsl 

(foiinitance, by the iim'i nys), tbQ nutDCr byera being the lightest remsiu Bbare,wliil«t 
when heslcd fTom below they rise to the (op. Foe Uub reiuon the water el gnat depth* 
below the Buriaoe is always eold, which hu long been known. These cireumstandes, bs well 
BsthoSD observed by Bont (Chapter I., Note 19), eiplaln the gnat diSorenco; of dcniitjr 
lUid tempeialure, and in the amount of Mite held hi the oceans at diHerontUtitudBs (ia 
poUt and tropica) climeB) and at Tiuions depths. 

'1 By combining the retnlti of Poggiale, Uilller, and Kuston (they an eridentty 
mora Bccnnto than those of Omy-Iinnao and others) I foood that a estuisted solotion al 
■I", from 0° to 10S°, cantuns 86'7i-0'(l94f -fODOOai' grams ol salt per 100 gnni* of waCer, 
ThiflfomiDia glre* asolnbaityat 0°»SE'7 grams (^HS p.e.\itlinet occordlns to Eb> 
Men 11 is 3000, Poggiale BS'fi, andHUllcr BBS grama. 

" Perfectly pan fund salt !■ not hygrouople, uworilag to Eanten, whilit the 
oryBtalUted ealt, even when qolte (ton, attraeto ■« much as (MI p.o. of aatei from moiit 
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espeoiaUy from a saturated solution cooled to — 12^, then they present 
a prismatic form, and contain two equivalents of water, KaCl,2H30» 
At the ordinary temperature these crystals split up into sodium 
chloride and its solution. ^^ Unsaturated solutions of table salt when 
cooled below 0.^ give'® crystals of ice, but when the solution has a 
composition NaCl,10H|O it solidifies completely at a temperature of 
—23'* A solution of table salt saturated at its boiling point boils at 
about 109^, and contains about 42 parts of salt per 100 parts of water. 
Of all its physical properties the specific gravity of solutions of 
eodium chloride is the one which has been the most fully investigated. 
A comparison of all the existing determinations of the specific gravity 

ftir, aoeording to Staa. (In the BrUnsk mixiM, where the temperature throaghoat the 
whole year ia aboni -*-10^ it may be obaerved, aa Baron Klodt informed me, that in the' 
•nmmer daring damp weather the walla become moist, while in winter they are dry). 

If the aalt contain impnritiea— inch aa magneeium inlphate, d:c.— it is more hygro 
•oopio. If it contain any magneainm chloride, it partially deliquesces in a damp atmo* 
■phere. The cryataUiaed and not perfectly pure salt] decrepitates when heated, owing to 
ila oontaining water. The pure aalt, and also the transparent rock salt, or that which 
haa been onoe fused, does not decrepitate. Fused sodium chloride shows a faint alkaline 
feaction to litmus, which has been noticed by many observers, and is duo to the presence 
of aodinm oxide (probably by the action of the oxygen of the atmosphere). According 

10 A. Stcherbakoff very sensitive litmus (washed in alcohol and neutralised with oxalic 
add) shows an alkaline reaction even with the crystallised salt. 

It may be observed that rock aalt sometimes contains cavities filled with a oolourlesa 
liquid. Certain kinda of rook aalt emit an odour like that of hydrocarbons. These 
phenomena have aa yet received very little attention. 

** By cooling a solution of table salt saturated at the ordinary temperature to — 16®, 
I obtained first of all well>formed tabular (six-sided) crystals, which when warmed to 
the ordinary temperature disintegrated (with the separation of anhydrous sodium 
chloride), and then prismatic needles up to 90 mm. long were formed from the same 
•olntion. I have not yet investigated the reason of the difference in crystalline form. 

11 ii known (Mitscherlich) that NaI,fiHaO also crystallises either in plates or prisma* 
Sodinm bromide also crystallises with SH^O at the ordinary temperature. 

M Notwithstanding the great simplicity (Chapter I., Note 49) of the observations on the 
iormaiion of ice from solution, still eren for sodium chloride they cannot yet be con* 
aidited aa sufficiently harmonioua. According to Blagden and Raoult, the temperature 
of the formation of ice fh>m a solution containing c grams of salt per 100 grams of water 
m — 0*6o io c«10, according to Boae^ti -■ -00490 to ceS*?, according to De Coppet 
(lo e-10)- -0-66 c - O-OOOc*, according to Karsten (to c « 10) - 0*7090 -i-0-0084c*, and 
aeoocding to Guthrie a much lower figure. By taking Bosetti's figure and applying 
^e rule given in Chapter I., Note 49 we obtain— 

t-0*649xf?L*-9'05. 
10-6 

Pickering (1098) givee fore-I-0008, for c-9-1'990; that is (c np to 9*7) about 
-^(O-e00-t-O<K>6e)c. 

The data for strong solutions are not leas contradictory. Thus with 90 "pM, of salt, ice 
le fccmed al -14*4® aoomding to Karsten, -17® according to Outhrie, —17*6® according 
to De Coppei Rttdorff stales thai for strong solutions the temperature of the formation 
of ioe deaeaDdt in praportioii lo Ihe oontenta of the compound, NaCl,9H90 (per 100 grams 
of water) by 0®*849 per 1 griun of ■•11^ and De Coppet shows that there ia no propor|io» 
elily, in a ilM Mossi fbt eillMr a ]p«Mnlice of Naa or of NaC].9Qta 




•I Bolutiona of NaCI " at 15' (in vacoo, taking water at A" as 10,000% 
with regard tap (the percentage amount oF the aiLlt in Bolution), show 
tbatitUeKpreased bytbeeqoation 8,«= 9991 '6 + 71-17p + 0'2UO;;*. 
For instance, for a solution 200H,O + NaCl, in which case p = 1-6, 
S|( = 10tO6. It is se«n from the formula that the addition of water 
produces a contraction.'' Theapecific gravity '* at certain temperatures 



and concentrations it 
given for 



> referred to water at 4° = 10,000" ia here 

IS" 30' 100° 

p = ^ 10372 10353 1030T 9922 

10 10768 10T28 10669 1027S 
IS 11161 11107 11043 10652 
20 11568 11501 lU2d 11043 
It should be remarked that Baum^'s hydrometer it graduated by 
tabing a JOp.c. solution of sodium ohloride as 10" on the scale, and 
therefore it give-s approximately the percentage amount of the salt in a 

" A collmlion of olnBrvilions on tho specific gnflly of nolaliooi at eodiom chlgriae 
11 i^Tcn in my work sitsd in Chapter I., Note M. 

BolDtioOB ol common laJt hue >In) booo fiequenlly inrHtigitiid ■■ nguJi nts of 
difation (Chsptsr I,), but aa yet (here uns no oomplelo ditii in tbii reipeot. It tuny be 
raantlaasd tlut Qmham and De Tri« damonitratnil that dilTiiiion id gelatlBoni muus 
(lor JDiUnce, g«Utin Jelly, or gcUtinoiis >[Ua) pRWMds in Ibo budb muioer u In wmMr, 
vhfcb nay probibly laid to i saarenienl ud sKDHitB mMhod lor tbo liiTeitigitlan 
dI [ho phononenil of ailTiiiiion. N. nmoll (Odoum IBSe) bToittgitcd the diiluion of 
common ult by kihuii oI gloH globoles of definite denaity. Hsiing ponrnl w»tei into a 
cylinilBr ovor a llyCT of ■ solDllan of Bodinin cblo'iids, lis obierred duiiag a period of 
HTfral niontlii the pnaition (bBl|;hl) ol the globniMi *bieh floatod op faiehsi and hiRhor 
na the tail permeated opwuds. Oirioll found LhU nt ■ wnitont tomparatnle the di«- 
iBncsH dI the EtobuteB (Ibat ii, the length at a ooluaia limilea by Uyen ot deBnite MD- 
fcntiktioa) remnln nonaUot ; th«l at •, given nonieot ol time the coneentralion. j. of 
diSoroDt tayors l^tuelod at a depth t li eipreueil by tho equation B'KJ>log, ifi-j}, 
whore A, B, and K nre conatantB; that at a giien moment themlo of ditruBiDii ot tbo 
dilTernnt layerB ia propnrtionat to their depth. &e. 

>■ tl 8g be Ibo ipciiiBc gcBilty ol water, and S the apedflc gravity ot a aolutioD OOQ- 
Inining;! p.e. ol uJt. Iben by miiing equal wcighta ol voter and the Bolution, we ahall 
obtain a lolutian containing ip ol the aalt, and iF it be formed without contraction, then it* 
■peciBc gravity ■ will b« determiaed by Uie equation -^-i * ^-.baoanaetlisvaliuiiela 
•qnal to the wsiglit divided by tho deuaity. In reality, tbe apeciSc gravity ii slnyi found 
to be glcoter than that caloulated oo the ■uppoiitiin ol an abunce ol contraction. 

<> Generally Uieipeciflc gravity iiobaervcd by weighing in aii and dividing the weight 
in grama by the volume in cubic centimelna, Uie latter being found from the weight of 
water dleplued, divided by ill denaity at the temperature at which the eipenmentia carried 
out, II we call thin •[iccific gnvlly £,. tlien aa a cnbic cenlinietre of air under the oind 
couditiooa welgha nbnut ODall gram, the ap, gr, in a vacuum S^£,-r 00419 (Si-1), 
it the density olwater^l. 

» It the ip. gr. S, be lound direetly by dividing the weight of a aolution by tb* 
weight ot water at the lame lemperalBre and in tbe same ■olnmc. then tbe Inu ip. gi. 
S (etornd to water at l" It lound by multiplying S, by the ip, gr, ot water at the lem- 
iwntnn ol obaervaiion. 
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•oltttion. Common salt is somewhat soluble in alcohol,'* bat it is 
iosolable in ether and in oils. 

Common salt gives very few compounds *' (double salts) and these 
are very readily decomposed : it is also decomposed with great difficulty 
and its dissociation is unknown.*' But it is easily decomposed, both 
when fused and in solution, by the action of a galvanic current. If the 
dry salt be fused in a crucible and an electric current be passed through 
it by immersing carbon or platinum electrodes in it (the positive elec- 
trode is made of carbon and the negative of platinum or mercury), it it 
decomposed : the suffocating gas, chlorine, is liberated at the positive 
pole and metallic sodium at the negative pole. Both of them act on the 
excess of water at the moment of their evolution ; the sodium evolvef 
hydrogen and forms caustic soda, and the chlorine evolves oxygen and 
forms hydrochloric acid, and therefore on passing a current through a 
solution of common salt metallic sodium will not be obtained—but 
oxygen, chlorine, and hydrochloric acid will appear at the positive 
pole, and hydrogen and caustic soda at the negative pole.*' ^^ Thus 
salt, like other salts, is decomposed by the action of an electric current 
into a metal and a haloid (Chapter III.) Naturally, like all other 
salts, it may be formed from the corresponding base and acid with 
the separation of water. In fact if we mix caustic soda (base) 
with hydrochloric acid (acid), table s^t is formed, NaHO + HCl 
B NaCl -t H,0. 

*i AMording to Schiff 100 grami of alcohol, coataintngp p.o. by wei^t of CsH«0, 
diaiolTot fti IS^* 

j» - 10 90 40 60 80 

98-5 99*6 18-9 6^ 1*9 gnimt NaCL 

*> Amongst the doable talta formed by lodiam chktride Uut obtained by Ditto (1670) 
by the eTftporation of the aolation remaining after heating todipm iodate with hydm* 
chlorie acid until chlorine ceaeestobe liberated, is a renuurkable one. Ite oompoaitlon If 
NalOsfNaClfl^HaO. Rammelsberg obtained a similar (perhape t^e tame) salt in wel^ 
formed crystals by the direct reaction of both salts. 

^ Bnt it gives sodium in the flame of a Bonsen's bnmer (see Spectmm Analysis), 

doubtless under the reducing action of the elements carbon and hydrogen. In the 

presence of an excess of hydrochloric acid in the flame (when the sodium would form 

•odium chloride), no sodium is formed in the flame and the salt does not co&unonioate 

f its usual coloration. 

ts bit There is no doubt, however, but that chloride of sodium is also decomposed to 
Its aqueous solutions with the separation of sodium, and that it does not simply enter 
Into double decomposition with the water (NaCl + H30-> NaHO -h HCl). This is leeo 
from the fact that when a saturated solution of NaCl is rapidly decompoeed by an eleetrlo 
current, a large amount of chlorine appears at the anodo and a sodium ^m^ig ^m fonnt 
«t the mercury cathode, which acts but slowly upon the strong solution of ssli 
Castner's process for the electrolysis of brine into chlor'ne and caustic aoda I* an 
application of this method which hat been already worked in England on sji Industrial 
«cale. 
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With respect to the double decom posit ions o£ sodium chloride it 
should be observed that they are moat varied, and serve as means 
of obtftining nearly nil the other compounds of sodium and chlorine. 

The douhla decontponliont of todium chloride are almost exclusively 
bEised on the pos«ibilit; of the metal sodium beinf{ exchanged for 
hydrogen and other metals. But neither hydrogen nor any oth°r metal 
can directly displace the sodium from sodium chloride. This would 
result in the eeparation of metallic sodium, which itself diaplacea 
hydrof^D and tlie majority of other metals from their compounds, and 
id not, so tar as is known, ever separated by thera. The replacement 
of the sodium in sodium chloride by hydrogen and various metals 
can only take place by the transference of the solium into some 
other combination. It hydrogen or a metal, M, be combined with an 
clement X, then the double decomposition NuC! + MX = NaX + ItlCl 
takes place. Such double decompositions take place under special 
conditions, sometimes completely and sometimes only partially, as 
we shall endeavour to explain. In order to acquaint ourselves with 
the double decompositions of sodium chloride, we will follow the 
methods actually employed in practice to procure compounds of 
sodium and of chlorine from common shII. Foi' this purpose we 
will first describe the treatment of sodium chloride with Eulphurio 
dcid for the preparation of hydrochloric acid aiid sodium sulphate, 
Wb will then describe the substances obtained from hydrochloric acid 
And sodium sulphate, Chlorine itself, and nearly all the compounda 
of this element, may be procured from hydrochloric acid, whilst sodium 
carbonate, caurtic soda, metallic sodium itself and all its compounds, 
may be obtaioed from sodiuni sulphate. 

Even in the animal organism salt undergoes similar changes, 
Tumishing the sodium, alkali, and hydrochloric acid whiob take part in 
the processes of animal life. 

Its necessity as a constituent in the food both of human beings and 
of animals becomes evident when we consider that both hydrochloric 
acid and sajta of .sodium are found in the substances which are separated 
out from the blood inl« the stomach and intestines. Sodium salts 
are found in the blood and in the bile which is elaborated in tho 
liver and acts on the food in the alimentary canal, whili>t hydro, 
chloric acid is found in the acid juices of the stomach. Chlorides of the 
metals are uJways found in considerable quantities in the urine, and if 
they are excreted they must be replenished in the organism ; and for 
the replenishment of the loss, substances containing chlorine compounds 
must bo taken in food. Not only do animela consume those small 
ts of sodium chloridewhicharefoundin drinkingwaterorin plants 
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or other ammalfi,but experience has shown that many wild animals travef 
long distances in search of salt springs, and that domestic animals 
which in their natural condition do not require salt, willingly take 
it, and that the functions of their organisms become much more regular 
from their doing so. 

Tlie action of mlphurie acid on sodium cMoride, — If sulphuric acid 
be poured over common salt, then even at the ordinary temperature, as 
Glauber observed, an odorous gas, hydrochloric acid, is evolved. The 
reaction which takes place consists in the sodium of the salt and the 
hydrogen of the sulphuric acid changing places. 

NaCl + HaSO^ = HCl + NaHS04 

Sodium chloride Solpharic acid Hydrochloric ncid Acid todiuni sulphate 

At the ordinary temperature this reaction is not complete, but soon 
ceases. When the mixture js heated, the decomposition proceeds 
until, if there bp sufficient salt present, all the sulphuric acid taken is 
CQnverted into aicid sodium sulphate. Any excess of acid will remain 
^unaltered. If 2 molecules of sodium chloride (117 parts) be taken 
per molecule of sulphuric acid (98 parts), then on heating th^ mixture 
to a moderate temperature only one-half (58*5) of the salt will suffer 
change. Complete decomposition, after which neither hydrogen nor 
chlorine is left in the residue, proceeds (when 117 parts of table salt 
are taken per 98 parts of sulphuric acid) at a red heat ority. Then — 

tNaCI + H,S04 = 2HC1 + NaaS04 

Table tali Solpharic aoid Hydrochloric acid Sodium sulphate 

This double decomposition is the result of the action of the acid 
salt, NaHS04, first formed, on sodium chloride, for the acid salt^ 
since it contains hydrogen, itself acts like an acid, KaCl + NaHS04 
es HCl 4- Na2S04. By adding this equation to the first we obtain 
the second, which expresses the ultimate reaction. Hence in the above 
reaction, non-volatile or sparingly volatile table salt and sparingly 
volatile sulphuric acid are taken, and as the result of their reaction, 
after the hydrogen and sodium have exchanged phices, there is obtcdned 
non-volatile sodium sulphate and gaseous hydrochloric acid. The fact 
of the latter being a gaseous substance forms the main reason for the 
reaction proceeding to the very end. The mechanism of this kind of 
double decomposition, and the cause of the course of the reaction, are 
exactly the same as those we saw in the decomposition of nitro 
(Chapter VI.) by the action of sulphuric acid. The sulphuric acid ia 
e^ich ci^ displaces th^ other» volatilCi acid. 
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Not onl J in these two inatoncea, but in every insUnce, if a. voIatHe acid 
can be formed by the substitution of the liyclrogen of sulphuric acid for 
a metal, then this volatile acid will be formed. Prom this it may be 
concluded thnt the volntility of the acid should be considered aa th» 
cause of the progress of the reaction ; and indeed if the acid be soluble 
but not vohttile, or if the reactioQ take place in an enclosed space 
whare the resulting acid cannot volatilise, or at the oi-dinary tempera- 
ture when it does not pass into the state of elastic vapour— then the 
decomposition does not proceed to the end, but only up to a certain 
limit. In this respect the explanations given at the beginning of this 
century by the French chemist BerthoUet inhis work'EssaideStatique 
Chimique' are very important. The tioelrine of BertlutiUt start* from 
the supposition that the chemical reaction of substances is determined 
not only by the degrees of affinity between the different parts, but also 
by the relative masses of the reacting substances and by those physical 
conditions under which the reaction takes place. Two substances 
containing the elements MX and NY, being brought into contact 
with each other, form by double decomposition the compounds MY and 
NX ; but the formation of these two new compounds will not proceed 
to the end unless one of them is removed from llie sphere of action- 
But it can only be removed if it posseases different physical properties 
from those of the other substances which are present with it. Either it 
must be a gas while the othen are liquid or solid, or an insoluble solid 
while the others are liquid or soluble. The relative amounts of the 
resultant substances, if nothing separates out from their intermixture, 
depend only on the relative quantities of the substances MX and NY, 
and upon the degrees of attraction existing between the elements M, 
N. X, ond Y ; but however great their mass may be, and however con- 
sidcrable the attractions, still in any case if nothing separates out from 
the sphere of action the decomposition will presently cease, a stole of. 
equilibrium will be established, and instead of two there will remain tour 
substances in the moss : namely, a portion of the original bodies MX and 
NY, and a ceitain quantity of the newly formed substances MY and NX, 
if it be assumed that neither MN or XY nor any other substances 
are produced, and this may for the present " be admitted in the case of 



M li UX u>d NY R 



it the iDolecutel ol t 



n ttuico, oruiotten, (odino, & 



gtlu, tiA i[ Ibeii: lie no t\iri 
[oimhljon of XY •nnlii liIu ba 
:o. wo upftbleorcDiDbiDing with Biuple halnidi, 
u»BlIuwitht)iecoia[>1fliBniapii1rhlchiac«Tlainultipli.ylhapirto(ha]D^>. B«aidaa 
leutU MX ondNYorMY»ilhNXmiiytorindo»b!eB4lt». H Uic number ot 
molMBlei b« imsqoit. ot i( the v»lendjr o\ Ihe olemfuli or gioopi conlainH in them b* 
diflereol,u ill NsCI • H,SO„ where CI i> ■ univalent hiloid BiidSO, in bivalent, then Iba 
inofoUiu couipouiiilsbeeiJeiMYuid NX. *ud 
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the donbts decomposition of mits in which M hbA N are tnetab ftod 
X Mid Y hkloicls. As the ordinary double decomposition here oonsiata 
■errijriu tho exchnngo of metals, the above aimplilicatiDii is applicabls. 
The sum total of existing data concerning tha double deoompodtioo oi 
mbm leads to tha conclusion that from salts MX -f NY there^ alwaya 
ftriM* a cerUiin quantity of NX and MY, u should be the oaae 
Moofding t« Bertliollet'a doctrine. A portion of the hLstorica) 'daU( 
Moeerning this subject will be afterwards meDtiooed, but we wiD at 
Mte6prooe«d to point out tho obaervations made by Spring (1S88) which 
■kow that tttn in a solid itatt salte are subject to a similar iat«irchang« 
ttt BMtali if in a condition of mifliciently close contact (it re<)idrea 
iSmt, a finely (lividi>d stute, and intimate mixture). Spring took tira 
Boa>!ijgroKoiiio mltik potaaaiam nitrate, KNO^ and well-dried aodiaa 
—ttats^ OtlI,N.t< >,. and left a mixture of their powders (or Mraral 
amtth* iu a dnalr.oator. An Interchange of metals took plaoe, as was 
MNt from Ihi! fnct Umt tho resultant mnss rrpidty attracted tbt 
Moisture of th« nir, owing to, the formation of sodium Ditrat«, NaNO^ 
S>d potassium BCcUtc, C,H,KOi, both of which are hi^ly bygi«- 
•oopk.***'* 

When B.Tilioll.'i iiiuticinted his doctrine the present views of atoms 
sad molecules had yet to be developed, and it is now necessary to sab- 
■it the matter to examination in the light of these coDcepttons ; we wilt 
tksrctoro consider the reaction of salts, taking M and N, X and V as 
•qviTalent to each other— thnt is, aa capable <J replacing each othw 
■ in toto,' as Na or K, |Ca or ^Mg (bivalent elements) replace hydri^en. 

And lincei according to Bertliollet's doctrine, when niHX of one 
sett oomes into contact with mNY of another salt, a certain quantity 
cHV and lcNX is formed, tliero remains m - x of the salt UX, and 
« - rc of the salt NY. If m be greats than n, then the ■n.^inmiit 
Inlerchaujio could lend to * = «, whilst from the olu taken there 
would be formed nMY + nNX + (m - «)MX— thatis,a portioD ofoite 
only ot the wits taken would remain unchanged because the reactkn 
COUM only proceed betwi'en nMX and nNY If x were actually equal 

w)iM)**i<l*Ht |airUc4|>MH tn Uvfitriiiw.wilHiwnlliif ptH«t in Uii* Fnf«ttiia,th* 
IthHi.inwn* mn>l *<<.lonUi Ikmiii. (Ull mim tvnjin ; kdJ UiI> it utulljr (he ou* In 
atlnn. !<•«*• •»"W f>v<M '-'■'" i** ">i"*« » P«1»iii portw- o( tlM uiMu« akin 
ol kxMiMiranwtfnning Uw]i)wnAni<'U ol douklt iilini flir nf iiiiliriTH.I n»iin> tiM 
>l U» ■■bj»l u AiW|iUU, (bJ lurt a<>nion limitod mjliU ta ■ !■• 
- •» KH^M ia iwn drUi^id iMtki aa Ub Inject i< 
abom. 
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1, the masa of the salt MX would not hnve any influence od tha 
modut operandi of the reaction, which is equally ia accordance with 
the teaching of Bergina^n, who supposed double reactions to be Inde- 
pendent o£ the moss and determined by alhmty only. If M bad more 
affinity for X than for Y, and N more affinity for Y than for X, then 
KCordbg to Bergmann there would be no decomposition whatever, and 
X would equal 0. If the affinity of M for Y and of N for X were greater 
than those in the original groupin/;, then the afGnity of M for X and of N 
(orY would beovercome, and, according to Bei^mann's doctrine, complete 
Interchange would take place — i.e. e would equal n. According to 
Berthollet'a teaching, a distribution of M and N between X andY will 
take place in every case, not only in proportion to the degrees of 
affinity, but also in proportion to the masses, so that with a small affinity 
and a large mass the Bame action can bo produced as with a large affinity 
and a small mau. Therefore, (1) x will always be less than n and 
their ratio ^ less than unity— that is, the decomposition will be ex- 
pressed by the equation, niMX + iiNY = (m - a:)MX + (n — je)NY 
+ iMY + kNX ; (2) by increasing the moss m we increase the da- 
composition — that is, we increase x and the' ratio ^ 



-, untU with 



an infinitely large quaiitity m the fraction 



I 



- will equal 1, and the ds' 

composition will be complete, however small the offinities uniting MY 
and NX maybe; and(3) if m = n, by taking MX -h NY or MY + NX 
we arrive at one and the same system in eillier eaie ; {n — x) MX 
+ (" — a)NY + kMY + xNX. These direct consequences of Ber- 
thoUet's teaching are veriGed by experience. Thus, for example, ft 
mixture of solutions of sodium nitrate and potassium chloride in all 
cases has entirety the same properties as a mixture of solutions of 
potassium nitrate and sodium chloride, of course on condition that the 
mixed solutions are of identical elementary composition. But this 
identity of properties might either proceed from one system of talta 
passing entirely into the other {Bcrgmaon's hypothesis) in conformity 
with the predominating affinities (for instance, from KCl + NaNOj 
there mightarise KNOj -I- NaCI, if it be admitted that the affinities of 
the elements as combined in the latter system are greater tbnu in th« 
former) ; or, on the other hand, it might be because both systems by 
the interchange of a portion of their elements give one and the samtt 
state of equilibrium, as according to Berthollet'a teaching. Experi- 
ment proves the latter hypothesis to be the true one. But before 
citing the most historically important experiments verifying BerthoUet's 



486 ntlKCIPLES OF CBEUIsntV 

doetrliM, we mot «top to «o(uid«r the coowpti'on of At nuut-of tbo 
rM£ting •ubat'in':'^!, BertholI«t uBilentood b^ wom Ui« ActnaJ kU- 
tin (jn&ntitj cjf » nubtUncA ; but now it u tnipauible to uadentft&d 
Mm term othei"iriw^ th&n m the number of moteculet, Eor thej act m 
chemlctl aniti, nnil in the ipMUI c»m of douliU ulinedecompoaitiomit 
1* better to take It *■ the number of eqoinleDti. Tboi la tbe teactiOB 
NkCt -f HfiOi the mH U taken In one eqnlnlent ud tbe edd in 
two. If 2Na(n ->• HjSO, ect, then the BnmtMTofeqtiinknteaneqiial, 
Aod M on. The infiutna of moM on tlie unonnt of de e o mp o ei tion 
' fonni the root of Bertbollet'it doctrine, mA therefore we will firat of 

M turn onr attention to the eatablUhinent of this {mnriple in rebtion 
to the double decom position of wlte. 

About 1S40 H. llote '* ihowed th«t w*ter daooffipoeee metellio cnl- 
phldei like citlcium nulphide, CaS, forming hydrogen talphide, H^ 
notwithttanding the fact thit the affinity of hydrc^en anlphide, as an 
acid, for lime, CaH^O], a( a baae, cauaea them to react on each othen 
forming calcium aulphidcand water, CaS + 2H,0. Fnrthemlore, Boae 
ihowed that the greater the amount of water acting on the oaloinm 
aulphido, the more complete ii the decompotition. The reaulte of thia 
reaction are evident from the fact that the hjdrogen lulphide formed 
inaj be expelled from tlie lolution by heating, and that the resulting 
limo IB xpnringly Eolulile in water. Rose clearly saw from this that 
auch fclilo agents, in n chcmicnl sense, ai carbonic anhydride and 
water, by acting in a mats and for long periods of time in nature on 
the dumbia rocka, which resist the action of the most powerful acids, 
are aide to bring aliout chemical change — to extract, for example, from 
rocks the Imiscs, lime, soda, potash. The influence of the maaa of water 
on antimonious <^h1ori<te, bismuth nitrate, &c., is ei^entially of the same 
character. These aubslance.i gi ve up to the water a quantity of acid which 
is gri'nli-r in projicirtion ns tlie mass of the water acting on them ia 
gronlcr, ''>''' 
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BfHiom salphate, BaSO,, which is insoluble in water, when fuseJ 
with sodium carbonate, Na^CO,, gives, hut not comp]et«1j, l:arium 
carbonate, BaCO,, (also insoluble), and sodium sulplinte, Na,30(, If a 
solution of sodium carbonate acts on precipitated barium Eulpbate, 
the samo decompoaitioa is also effected (Dulong, Rose), but it U 
restricted bj a limit and requires time. A mixture of sodium carbonate 
and sulphate is obtained in the solution and a mixture of barium carbo- 
nate and sulphate in the precipitate. If the solution be decanted off* 
and k fresh solution of sodium carbonate be pOured over the precipitate, 
then a fre^h portion of the barium sulphate passes into barium carbonate, 
and so by increasing the mass of sodium carbonate it is posaible to 
entirely convert the barium sulphate into barium carbonate. If a 
definite quantity of sodium sulphate be added to the solution of sodium 
carbonate, then the latter will have no action whatever on 
the barium sulphate, because then a. system in equilibrium deter- 
mined by the reverse action of the sodium sulphat* on the barium 
f:arbonate and by the presence of both sodium carbonate and sulphetein 
the solution, is at once arrived at. On the other hand, if the mass of 
the sodium sulphate in the solution be great, then the barium carbonate 
is reconverted into sulphate until a definite state of equilibrium is 
attained between the tvo opposite reactions, producinf; barium carbonate 
by the action of the sodium carbonateand barium sulphate by the action 
of the sodium sulphate. 

Another most important principle of Berthollet's teaching is 
the existence of a lintit of exchange dfcimipotjfiott, or th« attain- 
ment o/ a etate v/ eqvilibrium. In this respect the determinations of 
Malagnti (1857) are historically the most important. He took a 
mixture of solutiona of equivalent quantities of two salts, MX and 
NY, and judged the amount of the resulting exchange from the 
composition of the precipitate produced by the addition of alcohol. 
When, for example, rinc sulphate and sodium chloride (ZnSO, and 
2NaCI) were taken, there were produced by exchange sodium sul- 
phate and zinc chloride. A mixture of zinc sulphate and sodium 
sulphate was precipitated by an excess of alcohol, and it appeared 
from the composition of the precipitate that 72 per cent, of the salts 
^keo had been decomposed- When, however, a mixture of solutions 
of sodium sulphate and xinc chloride was taken, the precipitate pre- 
sented the some composition as before — that is, about 28 percent, of the 
salts taken had been subjected to decomposition. In a similar experi* 
ment with a mixture of sodium chloride and magnesium sulphate, 
SNaC! + MgSO, or MgCl, + Na,30„ about half of the metals under- 
went the decoropoeitiOD, which may be expressed by the equation 
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4Na01 + 2MgB04 es 2NaCl + MgS04 + NaiS04 + MgC!, « 2NaaS04 + 
2MgClt. A no less clear limit expressed itself in another of Malaguti's 
researches when he investigated the abore-mentioned reversible reactions 
of the insoluble salts of barium. When, for etample, barium carbonate 
and sodium sulphate (BaCO) + Na2S04) were taken, then about 72 per 
centk of the salts were decomposed, that is, were converted into barium 
sulphate and sodium carbonate. But when the two latter salts wece 
taken, then about 19 per cent, of them passed into barium carbonate 
and sodium sulphate. Probably the end of the reaction was not 
reached in either case, because this would require a considerable time 
and a uniformity of conditions attainable with difficulty. 

Gladstone (1855) took advantage of the colour of solutions of 
different ferric salts for determining the measure of exchange between 
metals. Thus a solution of ferric thiocyanate has a most intense 
red colour, and by making a comparison between tlie colour of the 
resulting solutions and the colour of solutions of known strength 
it was possible to judge to a certain degree the quantity of the 
thiocyanate formed. This colonmetric method of determination has 
an important signiticance as being the first in which a method was ap- 
plied for determining the composition of a solution without the removal 
of any of its component parts. When Gladstone took equivalent quanti- 
ties of ferric nitrate and potassium thiocyanate — Fe(N03)3 -f 3KCNS 
— only 13 per cent, of the salts underwent decomposition. On 
increasing the mass of the latter salt the quantity of ferric thio- 
oyanaie formed increased, but even when moro than 300 equivalents of 
potassium thiocyanate were taken a portion of the iron still remained 
as nitrate. It is evident that the affinity acting between Fe and NO3 
and between K and CNS on the one hand, is greater than tho affinity 
acting between Fe and CNS, together with the affinity of K for NO3, 
on the other hand. The investigation of the variation of the fluor- 
escence of quinine sulphate, as well as the variation of the rotation of 
the plane of polarisation of nicotine, gave in the hands of Gladstone 
many proofs of the entire applicability of Berthollet's doctrine, and in 
particular demonstrated the influence of mass which forms the chief 
distinctive feature of the teaching of Berthollet, teaching little appre- 
ciated in his own time. 

At the beginning of the year 1860, the doctrine of the limit of 
reaction and of the influence of mass on the process of chemical trans- 
formations received a very important support in the researches of 
Berthelot and P. de Saint-Gilles on the formation of the ethereal salts 
RX from the alcohols ROH and acids HX, when water is also formed. 
This conversion is essentially very similar to the formation of salts, but 




difr^n in that it proceeds slowly at the ordinary Miaperature, extead- 
orer whole years, and is not complete— that is, it has a distinct 
limit determined by a reverse reaction ; thus an ethereal salt RX with 
water gives an (dcohol ROH and an acid HX— up to that limit 
generally corresponding with two-thirds of the alcohol token, if the 
action proceed between molecular quantities of alcohol and acid. Thui 
«omm on alcohol, CjHjOH, with acetic acid, HC;,HjO„ gives the follow. 
ing system rapidly when healed, or slowly at the ordinary temperature, 
ROH + HX + 2RX + 2H.jO, whether we slart from 3RH0 + 3HX 
or from 3RX + SHjO. The process and completion of the reaction in 
this instance are very easily observed, because the quantity of free 
kcid is easily determined from the amount of alkali roquisito for its 
tatoration, as neither alcohol nor ethereal salt acts on litmus or 
other reagent for acids. Under the influence of an increased mass 
<if alcohol the reaction proceeds further- If two molecules of alcohol, 
EHO, be taken for every one molecule of acetic add, HX, then iastead 
of C6 p.c, 83 p.c. of the acid passes into ethereal salt, and with fifty 
molecules of BHO nearly all the acid ia etherised. The researches of 
Menschutkin in their details touched on many important aspects of the 
same subject, such as the influence of the composition o£ the alcohol 
and acid on the limit and rate of exchange — but these, as well as other 
details, must be looked for in special treatises on organic and theoretical 
chemistry. In any case the study of etherification has supplied chemical 
mechanics with clear and valuable data, which directly confirm tie 
two fundamental propositions of Berthollet ; the influence of mass, 
and the limit of reaction — tliat is, the equilibrium between opposite 

[reactions. The study of numerous instances of dissociation which we 
have already touched on, and sh.dl again meet with on several 
occasions, gave the same results. With respect to double saline 
decompositions, it is also necessary to mention the researches of 
Wiedemann on the decomposing action of a mass of water on the 
ferric salts, which could be determined by measuring the uiagnetism 
of the solutions, because the ferrio oxide (soluble colloid) set free by 
the water is less magnetic than the ferric salts. 
A very important epoch in the history of BerthoUet's doctrine was 
attained when, in 1867, the Norwegian chemists, Guldberg and Waage, 
expressed it as an algebraical formula Tliey defined the active moss 
as the number of molecules contained in a given volume, and assumed, 
as follows froui the spirit of BerthoUet's teaching, that the action be- 
tween the substances was equal to the product of the masses of the 
reacting suljfitances. Hence if the salta MX and NY be taken in 
equivalent quantities (ni s 1 andn= 1) andthe saltaMY and NX are 
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not added to the mixture but proceed from it, then if h rdpretent the- 
coeificient of the rate of the action of MX on NY and if k' represrat 
the same coefficient for the pair MY and NX, then we shall have at 
the moment when the decomposition equals x a measure of action for 
the first pair : A; (1 — x) (I -^ x) and for the second pair k'xx, and a 
state of equilibrium or limit will be reached when k {\ — a;)* a k^a^, 
whence the ratio k/k ss [x/(l » x)]\ Therefore in the case of th^ 
action of alcohol on an acid, when a; s J, the magnitude k/!^ s= 4, 
that is, the reaction of the alcohol on the acid is four times as fast bm 
that of .the ethereal salt on water. If the ratio k/kf be known, then 
th$ ii^uence o/mas$ may be ea$ily determined from it. Thus if instead 
of one molecule of alcohol two be taken, then the equation will be 
k{2 — a;) (1 — re) s k'xx^ whence x =s 0*85 or 85 per cent., which is close 
to the result of experiment. If 300 molecules of alcohol be taken, then 
X proves to be approximately 100 per cent., which is also found to be the 
case by experiment.'* 

But it is impossible to subject the formation of salts to any process 
directly analogous to that which is so conveniently effected in etherifi- 
cation. Many efforts have, however, been made to solve the problem 
of the measure of reaction in this case alsa Thus, for example^ 
Khichinsky (1866), Petrieff( 1885), and many others investigated th^ 
distribution of metals and haloid groups in the case of one metal and 
several haloids taken in excess, as acids ; or conversely with cm exoeis 
of bases, the distribution of these bases with relation to an acid ; in 
cases where a portion of the substances forms a precij^itate and m 
portion remains in solution. But such complex oases, although th^ Upt 
general confirm Berthollet's teaching (for instance, a solution of silver 
nitrate gives some silver oxide with lead oxide, and a solution of 
nitrate of lead precipitates some lead oxide under the action cl 
silver oxide, as Petrieff demonstrated), still, owing to the complexity 
of the phenomena (for instance, the formation of basic and double salts), 
they cannot give simple results. But much more instructive and 
oomplete are researches like those made by Pattison Muir (1876), 
who took the simple case of the precipitation of calcium carbonate, 
CaCO,, from the mixture of solutions of calcium chloride and sodium or 
potassium carbonate, and found in this case that not only was the 

** From the above H follow* tbU an exoeta ol aoid thould iaimenoe (he reaction lik* 
an excoM of alcohol. It it iu fact Bhown by exoeriment that if two molecalei of 
a^tic aoid be taken to one molecale of alcohol, 84 p.o. of alcohol it etherified. If with • 
large preponderance of acid or of alcohol certain disorepaneiea are obMrred, their caase 
matt be looked for in the incomplete correspondence of the -eonditiont and external 
inflttencea. 
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ta(e of action (for example, in the case of CaCtj + Na,COj, 75 per! 
cent, of CaCO, was precipitated iu five minutes, 85 per cent, in thirty 
nUDUtes, and 94 per cent, ia two days) determined by the temperature, 
rektive mass, and amount of water (a large mass of water decreases tb« 
rate), but that the limit of decomposition was also dependent on these 
er, even in researcheG of this kind tha conditioua' 
of reaction are complicated by the' non- uniformity of the media, inas-' 
rouch as a portion of the substance ia obtained or remains in the form ot\ 
a precipitate, so that the system is heterogeneous. The investigation of 
double saline decompositions oflers many difficulties which cannot be 
considered aa yet entirely overcome. Although many efforts have long 
B been made, the majority of the researches were carried on ia 
aqueous Eolutions, and u water is itself a saline compound and 
able to combine witii ealts and enter into double decomposition with 
them, such reactions taking place in solutions in reality present very 
complex cases,*' In this sense the* reaction between alcohols and acids 

" A) ui cuunplv IKO incthodB.miy In innitioucd, TliomMn't tai OitwuU'i. TbomBsn 




100II,O per KaHO, 
•olutioDB may be Diixfd 
act, [or Ion/ Biuna of 
ba flDpIoysd «fi gnmt i 
II Iha nomial aodiam 
acid, a ceitsia amoant ol 
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which can be compared with these relictions for siraplioity are those 
wichange decompOEitions investigated hj Q. G. Gustavson, which 

DWlhod irill bo dearl; undrntood from an f lample. A salntinn of caattic lodB contain ing 
u almoit moleculu (40 grains) weight per litre hid ii apecifio gravity ol I'OIOJt. Tlin 
cpMiGe gnnliea of aolBtiona □[ eqiul Toliune and *qal*a]<nit eoin|io(l(ion oF inliiharlo 
tad Bilrfg uidt trtn l-01»Ta ud I'OSOBI reapwtiYElj. On miiing the ululioni ol 
KtHO and H,SO, there «u tonni^ t, solnlioD ol 14>,SO, oI ap. gr. l-OaSSD ; hence 
there ennied ■ decieua ol Bp«ciBc gravity which we Hill Itiro Q, equsl to I'OIOSI 
+ r<MB70-2(I-OMse)»OonoS. So aim the tpwifie giarity aflsr miitore of the aolntiuna 
otNftHOandHNOjwai 103889, and Iheietue Q-OOlStlD. Wlicnone volame of the 

iotalion of ap. gi. 1-D3181 was obtained, and lliereroie the rcinltant decrciw or «[>. gr.' 

Qi = 3(l'03aS») ' 1 03084 - 9{1'IM7S1) oO'COOSI). 

Had then been no chemical reaction between the aalt*. than aocordiiig to Oatirald'* 
reasoning the ipeciSc granty of the tolutiont woold not bave changed, and if llw nittiu 
acid bad entirely displaced the aulphnric acid Q, would bei'OOlSdS-O-OllOS'O-ODTeit. 
Itii erident that a portion of the lulphuric acid wudliplaced hylhe njtricacid. fiultha 
niHenro of diaplacement ii not eqnal to the ratio between Q, and Q], beuoae a deereuo 
of ip. gr. also occur* on mixing the ulnlion of aadiuDi aalpbats with (ulphniic acid, 
whilit th; miiing of the uittitioiia of todiofn nitrate ud nitric acid only producei a iitighl 

from Biniilir data the wme coDcluaioni u Thonuen. and Ihui i«confirmt tiie formula 
deduced bj Ouldbecg aad Vaage, and the teacbtng of Berthollet. 

The participolion of water J* aeea utill more cleerly in the mslhodi adopted by 
Ottwald than in tha« of Thomaen, became in the eitutalion o( aolntiona of acida by 
alhalii (which Kremers, Beinhold, and othen had pnvioaalj etudieil) there ii obeerred, 
not a contraction, aa might have been expected from the quantity of heft which ia then 
evolved, but an cipantioD, of volume (a dencaae of apecifli; gravity, if we calculate u 
Oitwald did in bii firtl inTeetigationa}. Thus by mixing 1,880 gramiol a (olation of 
■nlphuric acid of the compoeKionBOj+lOOHiO, occupying • volome of 1,815 cc, with a 
correiponding quantity of a aolution E(NaHO + EH,0), wh«e toIbdw -l.TOB c. 
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ecule dI the i 






■iderrd a> the c 



L ia the aame in other caaea. Nitric and hydro. 

m than sniphnric acid, and potaiiinm hydroxide than lodiuffl hydroxide, 
I of anuDODia givea a conlractinn. The nlatlon lo water nntt be con- 
luu of theie phenomena. When iodiom hydroxide and iulphurlo acid 
diiiolTe En watvr they develop heat and give a vigoroua contraction; the water ia lepa- 
mted from inch lolutiont with great difficulty. After mutual aatanlion they form Iha 
ult Na,BO(, which reUina the water but feebly and evolvea but little heal with it, t.«., In 
other worda, ha> little affinity for water. In the laturation ol Bolphurit: (uadbyaoda the 
water iii Ki to aay, displaced from aataUe combination and pauea into an nnHable com- 
bination ; hence an eipanaion (decieaae ol ap. gr.) take* place. It i* not the reection at 
the acid on the altiali, but thereacliofl otwater.thatpiodaco the phenomenon by which 
Oatwald derirei to meanire the degree of Hit formation. The water, which eiciped 
attention, iteelf haa affinity, and inflneDceathoaephenoniena which are being in veiligated. 
PDrthennor*, in the given inatance ita inllnmco ia very great becaDM iti masa la Inrgs. 
Vben it ia not preient, or only present in imall quantitiea, the attraction of the baas to the 
acidlesdalo contraction, and not expanaion. Na.,0 hoa a ap, gr. S-S, hence its molecular 
TolnmeDSa; the ip. gr.ol SO,ii 1-9 ai>d volume II, hence thoiumol their volumes iiOg; 
for Na^O, the ip, gr. ia 2-65 and volume BSB, conaequently there is a ccnlracUon ol 10 c.e. 
ibmatuuls of salt. The volumeof K:,SOi^G3'3,thatot INaHO^ST't; there i« 
produced flH^ volume -BB. + Na,SO„voluroe-WB. Th*rereact90 7c.e.,andonaatu. 
. 1 consequently contraction again enaues, although less, and 
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take place between CCI4 and RBr. on the one hand, and 0Br4 ana 
RCl. on the other. This case is convenient for investigation inas-k 
much as the RCl, and RBr« taken (such as BCla, SiCl4, TiCl4, POCls, 
and SnCl4) belong to those substances which are decomposed 
by water, whilst CCI4 and CBr4 are not decomposed by water ; and 
therefore, by heating, for instance, a mixture of CCI4 -I- 8iBr4 it is 
possible to arrive at a conclusion as to the amount of interchange 
by treating the product with water, which decomposes the 8iBr4 left* 
unchanged and the SiCl4 formed by the exchange^ and therefore 
by determining the composition of the product acted on by the water 
it is possible to form a conclusion as to the amount of decomposition. 
The mixture was always formed with equivalent quantities — ^for in- 
stance, 4BC1| + 3CBr4. It appeared that there was no exchange 
whatever on simple intermixture, but that it proceeded slowly, 
when the mixture was heated (for example, with the mixture above 
mentioned at 123** 4*86 per cent, of CI was replaced by Br after 14 days' 
heating, and 6*83 per cent, after 28 days, and 10*12 per cent, when 
heated at 150** for 60 days). A limit was always reached which 
corresponded with that of the complemental system ; in the given 
instance the system 4BBr3 + 3CCI4. In this last 89*97 per cent of 
bromine in the BBrj was replaced by chlorine ; that is, there were 
obtained 89*97 molecules of BCl, and there remained 10*02 molecules 
of BBrj, and therefore the same state of equilibrium was reached ae 
that given by the system 4BCI3 + 3CBr4. Both systems gave one and 
the same state of equilibrium at the limit, which is in agreement with 
Berthollet's doctrine.*^ 

although thii rMction it on« of labBtitation and not of combination. CooMqoa&tly th# 
phenomena ttadied by Ottwald depend bat lit^ on the meaeore of the reaction of th«^ 
■alts, and more on the relations of the ditiolTed tabetanoet to water. In Mibttitatioiie, 
for instance 9NaN03+H9B04«aHN03+Na,804, the Tolomet vary bat slightly : in the 
aboTe example they are S(88'8) -f 68 8 and 9(41*9) +'88*8 ; hence 181 Tolomes act, and 188 
volumes are produced. It may be concluded, therefore, on the basis of what has been said, 
that on taking water into consideration the phenomena studied by Thomsen and Ostvald 
are much more complex than they at first appear, and that this method can soaroely 
lead to a corr^t interpretation as to the distribution of acids between bases. We 
may add that P. D. Chroustch#»lI (1600) introduced a new method for this class oi 
research, by investigating the electro>conductirity of solutions and their mixtOTM, and 
obtained remarkable results (for example, that hydrochloric acid almost entirely displaots 
formic acid and only | of sulphoric acid), bat details of these methods mast be looked, 
(or in text-books of theoretical chemistry. 

** O. G. Gustavson's researches, which were conducted in the laboratory of thi» 
St. Petersburg UniTsrsity in 1871-79, are among the first in which the measore of 
the affinity of the elements for the halogens is recognised with perfect clearness in the limit 
of substitution and in the rate of xeaotioo. The researches conducted by A. L. Potilitiia 
(of which mention will be made in Chapter XI., Note 88) in the same laboratory loaoh on 
another aspecit of the laine ptoblsm wliieh bat 90l yet made mii^h progress, noMrith* 
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Thni we now 6ad ample coaGrraation from various quarters for the 
following rulcB of Berthollet, applying them to double utline decom- 
p<)sitionB- I. Froio two salts MX and NY containing difTererit haloids 
and metals there result from their reaction two others, JIY and NX, 
but such a substitution will not proceed to the end unless one product 
passes from the sphere of action. 2. This reaction is limited by the 
ndstenco of an equitibrium between MX, NY, MY, and NX, because a 
reverse reaction is quite as possible as the direct reaction, 3. This limit 
is determined bothbj the measure of theactive affinities and by the rela- 
tive niassea of the substances as measured by the number of the reacting 
molecules. 4. Other conditions being constant, the chemical action is 
proportional to the product of the chemical masses in action.** 

atMiding id importuiea ud Iha faat thai t 

WPKuiIIt ^ OuMbctg uid Vui't Boff) hu si 

teuulm of GnalnTiDn look ucoimt of ths mtnuncs oi mow, and were nwe lolly 

■applied oith dmln eonnrniiiglcaloeilies uid tsmpcntDTis, the; would be Teryimpurtuil, 

beunio of the great ^gniflciuiCQ which the caae conildered has for the uaderqlftodifig of 

donblB uline decompoutlooB id the Abmnoe of wAter. 

Farthecmor*, OutUvson ahowed thai ths gieittu the itomio tieight ol the elomenl 
(B, Bi, T^ Ai, Ba) combined with ehloritt the g»>t«r the amount oI clilocino rcpleoed 
br bromine hj the action of CBr^, and eobBoqaeotlf tho lesH the amoont of brotolne 
teptaoed bj chloiine b? the iiction of CCI^ on bnmuna coiupoutida. For iiiatMiioe, for 
chlorlaa compoiuidi the perwntaie of anbitiliitiDn (at Ui« limit) it— 



BCI, 

lO'l 



EiCl, 



TiCU 



AaCI. 
71-8 



BdCU 



II shonld be obuired, howoTer, that Thorpe, on the buii of hi* eipeiimeDU, denie* 
the Dniienftlit]' of tfaiseaneliuion. I majr matitiaa one oondaiion wbloh it appean lo me 
majr be dnwnfiDiii the nbove-citiid figures of OuitaTWD, if Uieyare lubieqnenlljr torifled 
eTenmthinnarrow limit!. II CBr, be heated vilh RCl,, then an exchange ol the bromina 
for chlorine Ukeii place. But vhat would be Uie remit if it iiere miied oith CCI,; 
JudiHng by the mugmtnde of the atomic »eight>, B-U, C- it, Si-18. about 11 p«. of 
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laauie of their translation under theie cond 
the CBr, ia, mlhin tkt limil, tubatitulvd bj the eblirine ol I 
about 11 outol lOO^ that ia,a portion ol the atomaot bromine p 
in oDmbiaation with one aloai ol carbon pau onr bo the other atom ol carbon, and the 
chlorine puiea oyer from thii acoand atom of carbon to replaice !L Therefore, alio, iu 
the homogeneona maia CCI, all the ktoma of CI do not remain oaDalantly c«mbined with 
the ume alomi o( oarbon, and ihert ii an exciangg of atumt hrtaten diftnM molt- 
culn in a honoguwovt ruaUuni abo. Thii hTpoUiHui may in my opinion eiplaio 
eel tain phenomena ol diaaoeialion, but though mantiooing it I do not conaider it worUi 
while to dwell upon it. I will oolj (dMerve tbftt a aicaitai hypothaaia aoggarted it»ll to 
me iu my reMarehea on aotntiona, and that Pliondter enuncialcd an easenliully limilar 
brpotheaia. and in nceut tinea a lilie view ia beginiimg to find laiourwith reapectlolhe 
•leetmlriia of aaline aoliiliona. 

" Berthollet'a dDCtrioj is hatdlj at all adected in i<rineip1e by ahowing that there bm 
cuea in which there la no decompoaition between ulla, becanae tbe nBlmty maj bn ao 
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Tfatts if tbe ttlu MX Aad XY after raactioD ptftlj formei alts ICT 
and XX, then * state of eqoilibrism is reachecl and the reactioB eesaes ; 
bot if one of the resiiltant compoands, in TirtaeoC iUphjacal pmy e tta ea^ 
pawei frooi the sphere of action of the remaining sabttaneet^ then the 
reaction vill continue. This exit from the sphere of action depeada on 
the physical propertiea of the sabstaooe and on the ooDditiocis vnder 
vhich the reaction takes place. Tbos, for inifance, the sah NX maj, 
in the case of reaction between solatiotiSy aeparate at a precipitate^ 
an insolable tabstance, vhile the other three sabatanoea remain in aera- 
tion, or it maj pass into n^poiir, and in this manner also paaa awaj 
from the sphere of action of the remaining sabstanoes^ Let ns now 
soppose that it passes awaj in some form or other from the Mfhttre of 
action of the remaining sobstancea — for instance, that it is transformed 
into a precipitate or Tapoor — then a fresh reaction will set in and a 
re-formation of the salt NX. If this be removed, then, although the 
quantity of the elements X and X in the mass will be diminished, still, 
according to Berthollet's law, a certain smount of XX should be again 
formed* When this substance is again formed, then, owing to ita 
physical properties, it will again pass away ; hence the reaction, 
in consequence of the physical properties of the resultant substances, is 
able to proceed to completion notwithstanding the possible weakness of 
the attraction existing between the elements entering into the com- 
position of the resultant substance XX. Naturally, if the resultant 
substance is formed of elements having a considerable degree of 
affinity, then the complete decomposition is considerably facilitated. 

Such a representation of the tnodus ojyerandi of chemical trans- 
formations is applicable with great clearness to a number of re- 
actions studied in chemistry, and, what is especially important^ * the 
application of this aspect of Berthollet's teaching does not in any way 
require the determination of the measure of afiinity acting between the 
substances present. For instance, the action of ammonia on solutions 

•mall thjtt ev6u a largo muM woold fttill gire no obterrablo displacements. The funda- 
mental condition (or the application of Berthollet't doctrine, as well as Devitle's doctrine 
of dissociation, lies in the rerersibility of reactions. There are practically irrvTertibl* 
reactions (for instance, CCl4-*'8HaO«C02 + 4HCl), just as there are non-ToIatile sab- 
stances. But while accepting the doctrine of reversiblt reactions and retaining the 
theory of the evaporation of liquids, it is possible to admit the existence of non-Tolatile 
substances, and in just the same way of reactions, without any visible conformity to 
BerthoUot'i doctrine. This doctrine evidently comes nearer than the opposite doctrine 
of Bergmann to solving the complex problems of chemical mechanics for the successful 
solution of which at the present time the most valuable help is to be expected from the 
working out of data concerning dissociation, the influence of mass, and the equilibrium 
and velocity of reactions. But it is evident tlutt from this point of view we must not 
regard a solvent as a nonopartieipant spsce, but must take into consideration the 
chemical reac^ons accompanying solution, or else bring about reactions without solution 
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of salts ; tbe displacement, bj its means, of basic h7drat«B insoluble is 
water ; the separatioD of voUtilo nitric acid by the aid of non- volatile 
eolphuric acid, as well as the decomposition of common salt by nieana 
oE sulphuric acid, when gnseous hydrochloric acid is formed— may be 
taken as examples of reactioos which proceed to the end, inasmuch as 
one of the resultant substances is entirely removed from the sphere of 
action, but they in no way indicate the measure of affinity.^ 

As a proof that double decompositions like the above are actually 
accomplished in the sense of Bertbollet's doctrine, the bict mny becit«d 
that common salt may be entirely decomposed by nitric acid, and nitre 
may l>e completely deconiposed by hydrochloric acid, just as they are 
decomposed by aulphuric acid ; but this only takes place when, in the 
first instance, an excess of nitric acid istaken,andin the second instance, 
an excess of hydrochloric acid, for a given quantity of the sodium salt, 
and when the resultant acid psssesoET. If sodium chloride be put into 
a porcelain evaporating basin, nitric acid added to it, and the mix* 
tare heated, then both hydrochloric and nitric acids are expelled by 
the heat. Thus the nitric acid partially acta on the sodium chloride, 
but on beating, as both acids are volatile, they are both converted into 



tbol1«t->dwlTiiift.Uii>fom or decom- 
il pouibU ror omr mi-Ullia cbloridn (o be ob- 



lUkamfUUic 

Ktire lobfUnMi. Thai, lot etunpla, 
lation of mft^HiDm votplutfl, donbl* 
■U Um lubUuiHw remuB in tba Klu- 
L ihfl tcmqfttion oF todiam iiilplute uid 
aothing ■■ diaeugiged, uid 



UiDcd. becsuse Lhg decampDeitioo wlU d 

if R lolDtioD of cammon ull be mii^ witb ■ h 
d«comp(HitiDn cnBtiei,l>ab not compleUly. beceaw 
t»D. In thii caia tba d«c«opowtiDD maat retutt L 
DAgdHbidiD chlotido. iabflUvcet which &r« solubli 

URNlon U» dKompoiitioD IN^U H^SO, = IlgCl] -l- Nk,SO, cumot I'raceed M Uu> ci 
Howarer, Che todium sulpluto formtd jd tbis taumeT rnar be HjntHied by freeEing the 
mlitun. The romplcle lepuatioD of Ihe Kdiiun salpbttc will utqnllj not tnke pine*, 
During to > portion ol the ull renuimiig in the •olntioD. Ngvertbelau, thii kind of 
decompaiiliou » miide OH ol lot the prepantion of •odium mlpbite [nra the reiidnn 
left aft«r the evaporfetion oE Kft-wi^tet. vhich coEitiun K miitore ol magneeiuni lolph^M 
utd comnoD ult. Soch ■ miitiin ii (onnd et Stuafart in t lutnn] toim. It migbl bs 
uid that thii [odd of double dacompoiitioii ia 01J7 uxompliihed with ft chAng* of lem- 
pentore ; bnt iliii wonid not be ttae. u mif be concluded from other inklagoaa oiri. 
Tbut, for Lnftluice. a solution of copper eulpbnle is of & bloe coToor, whilo ■ lelotion of 
D0ii[)e[ chlonds ii green. II we mix the two salts (oggtber the green lint is diitinctlj 
TiKiiile. so (bill hj (his meuii Ihe presence of (ho copper rhloridD in the lolutioD of copper 
ulpli&le is clesrlj leea. tlnowwa vld asolatioo ol common ba1( to n solotionof copper 
HdphUe, « creen cotontioB i« obtuned, which indicite* Ihe (orm>tion of copper chlotid*. 
In Uiia instaooe it is not sepertted. bat it in iininedii,lcl7 formed on the kdditioD of 
eoounon Bslt. u it aluHild b« According to BertboUet's doctrine- 

The complete fonution of ft metftUie ehloride from common ull cu only ocnir. 
Jnilging from the sboie. when it sepenlei from the sphere of iction. The »lI4 ol iilvst 
an iostftQceA in point, becnaae the silrer chloride is insolnble in wster; 4nd therefor* 
|f we ftdd ft Bolntion ol Bodium chloride to ft solutiDn of il ailver Belt, silver chloride tnd 
Mm nodiuni uJt ol thftt wad *hkh wu in (he lilver ult »re lormeil. 
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^pMDT , mod tb«reloTO the nmdwB win eonUim m mizt«re of ft 
i|«MitHj of the aodiQiD chloride takeo And of the sodium nHntelorBal 
If a freeh quantity of oitrie acid be thea added, xeaetaon will again ael 
in, a eertatn portion of hydrochloric acid ie again erolred, and oo heal 
iag ie expelled together with nitric acid. If this be repeated eerenl 
tinee, it ie possible to expel all the hydrochloric acid, and to obtain 
•odium nitrate onlj in the residue. If, oo the contrary, we taka 
•odium nitrate and add hydrochloric acid to it in an aqueous eolvtioOy 
a certain quantity of the hydrochloric add dtspkees a portion of the 
nitric acid, and on heating the excess of hydrochloric acid passes away 
with the nitric acid formed. On repeating this process, it is possible 
to displace the nitric ecid with an excess of hydrochloric acid, just aa 
it was possible to displace the hydrochloru>acid by an excess of nitrie 
acid. The influence of the mam of the substance in action and the 
influence of ToUtility are here very distinctly seen. Hence it may be 
affirmed that sulphuric acid does not displace hydrochloric acid 
because of an especially high degree of affinity, but that this reaction is 
only carried on to the end because the sulphuric acid is not volatile, 
whilst the hydrochloric acid which is formed is Tolatile. 

The preparation of hydrochloric acid in the laboratory and on a 
large scale is based upon these data. In the first instance, an excess 
of sulphuric acid is employed in order that the reaction may proceed 
easily at a low temperature, whilst on a large scale, when it is 
necessary to economic every material, equivalent quantities are taken 
in order to obtain the normal salt Na^04 and not the acid salt^ which 
would require twice as much add. The hydrochloric acid evolved is 
a gas which is very soluble in water. It is most frequently used 
in practice in this state of solution under the name of muriatic acid,*^ 

'( Th«api»rAiiis thown in fig. 46 (Cimpter VI., Note IS) in genenUy employed for ths 
pfe|Mur»ik>n of small qnaniiiiet of hydrochloric acid. Common salt ia pUoed in the retort ; 
the ui% ia generally previontly foaed, aa it othenriae froths and boilaover in the apparatna. 
When the apparatna is placed in order sulphnrio add mixed with water ia poored down 
Ihe thistle funnel into the retort. Strong salphnrie acid (aboat half aa mneh again aa 
ike weight of the salt) is asnally taken, and it ia diluted with a amall quantity dt water 
(half) if it be desired to retard the action, aa in using strong salphnrie acid the aetkM 
immediately begins with great vigoar. The mijttnre, at first without the aid of heat and 
tlMB at a moderate temperatnre (in a water-bath), erolTea hydrochlorio acid. Commaidal 
hydrochloric acid contains many impnritiet; it is nsoally pnriAed by distillation, tbs 
middle portions being eoUeoted. It is purified from arsenic by adding FeCls, distilling, 
and rojecting the first third of the distillate. If free hydrochloric acid gaa be requiied, 
it ie paseed through a veeeel containing strong sulphuric add to dry it, and is collected 
Cfver a mtnury bath. 

Phosphoric anhydride absorbs hydrogen ehlorids (Bailey and Fowler, 1868 1 
•P,Oft4-8HCl«POCl9-i-8HPOs) at the oidissry lempiratiire, and therefore the fas 
cannot be dried by this iubstsaea 
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In ohemieal works the decomposition of sodium chloride by neaQa of 
(Qlpharic acid b carried on on a verj largo EC&Ie, chieQy with a view to 
the preparation of normal sodiam sulphate, the hydrochloric acid being 
ft bye-product," '■'' The furnace employed is termed a«i?( cake furnace. 
It is represented in fig, 65, and conaiats of the following two parts ■ the 
pun B and tbe roastur C, or enclosed Epace built up of large bricks 
a and enveloped on all Bides by the smoke aad flames from the fire 
grate, F The ultimate decomposition of the sa.lt by the sulphuric 
acid ia accomplished in the roaster. But the first decomposition 
of sodium chloride by sulphuric acid does not require so high a 
temperature as the ultimate decomposition, and is therefore carrind 
on in the front and cooler portion, B, whose bottom is heated by gas 
floes. When the reaction in this portion ceases and the evolution 



Mfeij.- 



of hydrochloric acid stops, then the moss, which contains about 
half of the sodium chloride still undecomposed, and the sulphuric 
acid in the form of acjd sodium sulphate, is removed from B and 
throwTi into the roaster C, where the action is completed. Normal 
sodium sulphate, «hich we shall afterwards describe, remains in the 
roaster. It is employed both directly in the manufacture of glass, and 
in the preparation of other sodium compounds— for instance, in the 
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preparation of soda ash, as will afterwards be described For the present 
we will only turn our attention to the hydrochloric acid evolved in B 

and 0. 

The hydrochloric acid gas evolved is subjected to condensation by 

dissolving it in water." If the apparatus in which the decomposition 
18 accomplished were hermetically closed, and only presented one outlet^ 
then the escape of the hydrochloric acid w^ould only proceed through 
the escape pipe intended for this purpose. But as it is impossible to 
construct a perfectly hermetically closed furnace of this kind, it is 
necessary to increase the draught by artificial means, or to oblige the 
hydrochloric acid gas to pass through those arrangements in which it is 
to. be condensed. This is done by connecting the ends of the tubes 
through which the hydrochloric acid gas escapes from the furnace with high 
chimneys, where a strong draught is set up from the combustion of the 
fuel. This causes a current of hydrochloric acid gas to pass through the 
absorbing apparatus in a definite direction. Here it encounters a cur- 
rent of water flowing in the opposite direction, by which it is absorbed. 
It is not customary to cause the acid to pass through the water, but 
only to bring it into contact with the surface of the water. The absorp- 
tion apparatus consists of large earthenware vessels having four orifices, 
two above and two lateral ones in the wide central portion of each 
vesseL The npper orifices serve for connecting the vessels together, 
and the hydrochloric acid gas escaping from the furnace passes through 
these tubes. The water for absorbing the acid enters at the upper, and 



*> A« in work! irhich treat oommon 8«It in order to obUin sodium sulphate, the 
kydrocUorio acid is eometimee held to be of no Talue,j't might be allowed to escape with 
the watte furnace gases into the atmosphere, which would greatly injure the air of 
the neighbourhood and destroy all vegetation. In all countries, therefore, there are laws 
forbidding the factories to proceed in thii manner, and requiring the absorption of the 
hydrochloric acid by water at the works themselTes, and not permitting the solution to 
be run into rivers and streams, whose waters it would spoil. It may be remarked that 
the absorption of hydrochloric acid presents no particular difficulties (the absorption of 
sulphurous acid is much more difficult) because hydrochloric acid has a great affinity for 
water and gives a hydrate which boils above 100®. Hence, even steam and hot water, as 
well at weaker solutions, can be used for absorbing the acid. However, Warder (1888) 
showed that weak solutions of composition H^O + nHCl when boiled (the residue will be 
almost HClfSHjO) evolve (not water but) a solution of the composition H20+445n^HCl ; 
for example, on distilling HCl,10H2O, HC^SSHaO is first obtained in the distillate. As 
the strength of the residue becomes greater, so also does that of the distillate, and there- 
fore in ord^r to completely absorb hydrochloric acid it is necessary in the end to have 
recoorse to water. 

As in Bussia the manufacture of sodium sulphate from 'sodium chloride has not yet 
been sufficiently developed, and as hydrodiloric acid is required for many technical pur- 
poses (for instance, for the preparation of zinc chloride, which is employed for soaking 
tailway slee|^rs), therefore salt is often treated mainly for the manufactore of hydro* 
chlorioacid. 
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flows out from the lower, vessel, passing tbrougb the lateral oriScca 
in the vessels. The water Aovs from the cbimnej towards tho fumoca 
and it is therefore evident Chat the outflowing water will be the most 
saturated with acid, of which it ottualtj contains about 20 per cent. 
The absorption in these vessels ia not complete. Tho ultimate absorp- 
tion of the hydrochloric acid is carried on in the so-called coke tourers, 
which UBUaily consUt of two adjacent chimneys. A lattico'Work of 
bricks is laid on the bottom of those towers, on which coke is 
piled up to the top of the tower. Water, distributing itself over the 
coke, trickles down to the bottom of the tower, and in so doing absorbs 
the hydrochloric acid gas rising upwards. 

It will be readily understood that hydrochloric acid may be 
obtained from all other metallic uhlorides.'^ It is frequently fonoed 
in other reactions, many of which we shall meet with in the further 
course of this work. It is, for instance, formed by the action of 
water on sulphur chloride, phosphorus chloride, antimony chloride, &c 

ffydrochloric acid is a colourless gaa hnving a pungent suffocating 
odour and an acid taste. This gaa fumes in air and attracts moisture, 
because it forms vapour containing a compound othydrochlorio acid and 
water. Hydrochloric acid is liquefied by cold, and under a preasure of 
<I0 atmospheres, into a colourless liquid of sp, gr. 0-90d at 0°," boiling 
point — 35° and absolute boiling point 4- 62°. We have already seen 
(Chapter I.) that hydrochlorio acid combines very energetically with 
water, and in so doing evolves a considerable amount of heat. The 
solution saturated in the cold attnini a density \'2S. On heating sucK 
a solution containing about 45 parts of acid per tOO part'i, the hydro- 



^ Thai Ihfl mfllallid chloridfiB, which Mja docorapoiAd Iq a gre&ter oi Icbh dDgra« by 
wmr. uirropand with leabb buo. Snch us, [or Kumpla, MgCI^ AlCIs SbCI^ BiCl]. 
The docompoiilioD ot m^gnetinm chlondo (uid iIm «unailile| bj aDlphnrio uud p»- 
Medfl M th« cprdinu7 CeTupermtuTa : water daeompoies MgCl) to the aitent oF V> p.o. 
when oidad hj beti, and may bs eKpfoyad u a (<o>iveni«iil mtlkod fat t\c froduclion 
of hylrotltloric acid. Hydnxhioric Kid ii alio prodacHl by the ignition of certain 
netnilic chlorides la a >Iream of hjdrDeen, egpeclally of thote mMal* which are eaiily. 
tedaced and diffletillly oiidiied— lor ia>taac«. lilvn chlorida. Lead chtorids, when 
heaMd to Ttdneu in a carrcnt ol ateani, gifei hrdrochloric acid and lead oiide. Tha 
inullitade of the caiea nf tormatian of hrdrocbloric acid are nndnctood from tho 
fact that il ii a tDhelanca which ii cumparalivdy Tirji stable, reearobliog valor in tbie 
rupMt.«nd flTen molt pnhahljr mora alible than water, becnate, at a high lunpiiratiua 
and oven under Uia aation of light, ohbniio decompofes water, with the formation oJ 
bTdroohlorio acid. The combioation of chtorine aod hydrogen olio procoddi hj Iheit 
direot action, «■ we ahall aflerwarda dcacribe. 
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ohlorio add gas is expelled with only a slight admixture of aqueotis 
Vapour, fiut it is impossible to entirely separate the whole of the 
hydrochloric acid from the water by this means, as could be done in 
the case of an ammoniacal solution. The temperature required for the 
evolution of the gas- rises and reaches 110^-111^ and after this remains 
constant— that is, a solution having a constant boiling point is obtained 
(as with HNO|), which, however, does not (Roscoe and Dittmar) 
present a constant composition under different pressures, because the 
hydrate is decomposed in distillation, as is seen from the determinations 
of its vapour density (Bineau). Judging from the facts (1) that with 
decrease of the pressure under which the distillation proceeds the 
solution of constant boiling point approaches to a composition of 25 p.c. 
of hydrochloric acid,^ (2) that by passing a stream of dry air through 
a solution of hydrochloric add there is obtained in the residue a solution 
which also approaches to 25 p.c. of add, and more nearly as the tempera* 
ture falls,** (3) that many of the properties of solutions of hydrochloric 
acid vary distinctly according as they contain more or less than 25 p.c. 
of hydrochloric add (for instance, antimonious sulphide gives hydro* 
gen sulphide with a stronger acid, but is not acted on by a weaker 
solution, also a stronger solution fumes in the air, &c.), and (4) that the 
composition IIC1,6H90 corresponds with 25*26 p.c. HCl— judging from 
all Uiese data, and also from the loss of tension which occurs in the 
combination of hydrochloric acid with water, it may be said that they 
form a d^nite hydrate of the composition HC^GHsO. Beddes this 
hydrate there exists also a crystallo-hydrate, HC1,2H90,'^ which is 
formed by the absorption of hydrochloric acid by a saturated solution 
at a temperature of « 23^ "^It crystallises and melts at — 18^'* 

The mean specific gravities at 15^ taking water at its maximum 

^ According to Ro«co6 and Dittmar at a prestore of three atmosphere! the eolation 
of ooostant boiling point contains 18 p.0. of hydrogen chloride, and at a preteure of one* 
ttnth atmoephere S8 p.c The percentage it intemediate at medium preMoret. 

M At 0<^ 85 P.O., at 100® 90*7 p.c. ; Rotcoe and Dittmar. 

^ Thie cryetallo-hydrate (obtained by Pierre and Pochot, aqd inveitlgated by Boom- 
boom) ie analogona to NaCl,aH,0. The orystaae HCl,9HtO ai -22'' have a speciac 
gravity 1*46 ; the vaponr teneion (under dieaociation) of the tolotion having a oompoeition 
Ha,2H,0 at -240 -760, at ~10<>» 1,010, at ~18<>- 1,057, at -17<>» 1,112 mm. of mer- 
eary. In a. solid state the crystallo-hydrato at -17*7° has the same tension, whilst at 
lower (emperatores it is mach less: at -24® about 160, at -10^ about 580 mm. a 
mixture of fuming hydrochloric acid with snow reduces the temperature to -88®. U 
another equivalent of water be added to the hydrate HC1,2H30 at - 18®, the temperatuM 
of solidification falls to -95®, and the hydrate HCl,8HaO is formed (Pickering, 1808). 

s* According to Bosooe at 0® one hundred grams of water a a pressure p (in miUimetiee 
•f mercury) dissolves^ 
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denai^ {i") u 10,000, for solutions containmg p per cent, of h^drogeo 

chloride Are — 

p S' p S 

6 1U,243 25 11.269 

10 10,490 30 11,622 

15 10,74* 35' 11,773 

SO 11,00] 40 11,997 

The fomuia 5=9.991'6M-49-43/i+00671p', up tof=25-28, which 
Rnewers to the hydrate HC1,6H,0 mcntiooed nbove, gives the apeoifio 
gravity. Above thiapercent«geS= 9,7851 + 6610p - OBlOp*. Th» 
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fram thoe dtta it U scan that the hjdnta HCIilHgO eta uial in > liquid tIatB, «hicS 
it not thfi cftie for the h jdiaiai of carbooio uid aulphoioaB anhjdiidea, otkloiioa, &a, 

Aeoording to Uujgnu, the tiKciao heat e of a KJation HCt * mHgO (at abont Stfl, 
UUng tb* ■padfle bant of watar ^ 1) ii given by tha « nji a n ion — 

if !>■ be not Idu than S-an. For eiample, fai HO + 1BH,0, C - 0'B71- 

Acoording to TborDKn'a daU, the anioiiQt of heat Q. oipreaied [n thoaianda of caloritri 
eTDlradiatha •olnliciii DlM'SgtamaalgaiooiithTdiwhloricacid in mEgO oi 19m gnoif) 
of wntei' is equl to— 



is-a 



m 



la Ibeaa qnantilieB Ihe Iitadt heat of liqnslaction [■ ioctnded, vhich mual hi 
ai (-9 thooHOd caloiiea pet molecolu quantity ol hydrDgea cblorida. 

The reiearchas ol Soheffer (1888) an Iho lalo ol diSuaioa (in Haleil ol aolst 
bydiocUorio Mid ihow that tha foeSctent of didujuoa k decreuetwilh Oto uw 
■rater n, il the compoaitian of Uiesolatioa iaHCl>>H^BtCI°:— 
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Ualaoappaats'that ettong aolntion* diftnu loors rapidly into dan le Qciatioi 
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riso of specific gr&x-iiy with an increase of percentage (or the diflerentiml 
,* J reaches a maximum at about 25 p-c." The intermediate sdation, 

HCL6HiO. is fur:hor distinguished by the fact that the variation ol 
the sjHvifio irruity with the rariation of temperature is a omitant 
quantity, 6^> th,\t the specific gravity of this solution is equal to 
lUJ:^*: T ^I - 0CO44:/\ where 0-000447 is the coe£cient of expansion 
of the solu'vt.** In the case of more dilute solutions^ as with water* 

the specido gna\ i:y pvr I* ( orthedid^nnitial -A Hie* with a rise of tcni« 

w«ture-'* 

f= 5 10 15 20 

,s:._^'j« 72 23 55 52 S4 

:J^-^:,. -541 42 50 5^ 67 

WhiUt f.T Sk^Iutior.s which eO«itain a gnsacer prof^xtion of hvdrogoi 
c^kcide than H0L6HA t^Me coe&ienu iV.-^^ wi»Ji a nse ol 
tnapie^ture . for u*.$tanc«w fw ^'^ p.c. of hydnz^n chloride 5; — ^i» 
«t $S and C?; > -* C^^* sS7 v*^*oriin^ to Mari^iiac's data^. In the caft^ 
ft HC\fH|0 thene did«i«iM«s are vvestanu asd eqsal 7^. 

n«i the f>raa:kia of tw\> dedixite hTdra:ek HC2H|0 and 
HCLCH^CK MwwQ hTvircchlxTlc acid and wa:<r suy S? accepted 
miA ll» bans ol nuuiv facts. Bu; ixch of :Ii-;z:. d ih^v .vc;ir in • 
Kftid statK dinxia:* with ^rr^: fw:'::y : -.:o b T*ir.v^:i chl:rld^ and 
are v\^cip;^:e!y dewcijxMcii wV-:; d:<:ii;;\l 

All lolmtiofts of hv.ir\viLCf.v: a^'xi vrvst-r.: :Lv rr:-er::*5 cf an 

inl«> HM. ar,d dv^rr^^n^ iftLrSvuc a.-i-.i c*^ fr,**:! rjr'xr^:«* Jtc, 
Vtl Aey aLfO entirely «a:u:^^^ Sm^*^ c^^fr. *^,-> f-.rr?::: :■-« as pct- 
Ic. la a drr $:A^f« ^''w^•\■>^r. iTurcvil-T:,' acv£ ix* z:: al:er 
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Tegetable dyes, and does not effect many double decompositions which 
easily take place ia the presence of water. This is explained by the 
fact that the gaao-elaatic state of the hydrochloric acid prevents its 
entering into reaction. However, incandescent iron, dnc, sodium, ico., 
act on gaseous hydrocldoric acid, displacing the hydrogen and leaving 
half a Tolume of hydrogen for each wlume of hydrochloric acid gas ; 
this reaction may serve for determining the composition of hydrochloric 
acid. Combined with water hydrochloric acid acts as an acid 
much resembling nitric acid*' in itoenergy and in many of its reactions ; 
bowever, the latter contains oxygen, which is disengaged with great ease, 
and BO very frequently acts as an oxidiser, which hydrochloric acid is pot 
capable of doing. The majority of metals (even those which do not 
displace the H from H,SO„ but which, like copper, decompose it to the 
limit of SO,) displace the hydrogen from hydrochloric acid Thus 
hydrogen is disengaged by the action of zinc, and oven of copper and 
tiD.*"^ Only a few metals withstand its action ; for example, gold 
nod platinum. Lead in compact masses is only acted on feebly, 
because the lead chloride formed is insoluble and prevents the further 
action of the acid on the metal. The same is to be remarked with re- 
spect to the feeble action of hydrochloric acid on mercury and silver, 
because the compoands of these metals, AgCl and HgCl, are insoluble 
in water. Uetallic chlorides are not only formed by the actictn of 
hydrochloric acid on the metals, but also by many other methods ; for 
instance, by the action of hydrochloric acid on the carbonates, oxides, 
and hydroxides, and also by the action of chlurine on metals and certain 
cf their compounds. Metallic chlorides have a composition MCI ; for 
example, NaCI, ECt, AgCI, HgCI, if the metat replaces hydrogen 
equivalent for equivalent, or, as it is said, if it be monatomio or 
univalent. In the CRse at bivalent metals, they have a composition 
MC!, ; for example, CaO,, CuCl,. PbCI,, HgCt,, FeCl,. MtiCl,. The 
composition of the haloid salts of other metals presents i further 
'Variation ; for example, AlClj, FtCl,, ix. Many metals, for instance 
Pe, give several degrees of combination with chlorine (FeCl„FeCi]) 
es with hydrogen. In their composition the metallic chlorides differ 
frotnthecorrespondingoxidea,in that the Ola replaced by CI,, as should 
follow from the law of substitution, because oxygen ^ves OH,, and is 

'•■ Thus, lor InBlancn, with lenbla lu>»i i: 
KoleGB) ^moBb equal UDOonU of he*l: tlie 
Thar both lonn toniing BOlDtioni u well na bjin-ttn : Ihey boUi tocm •olDtiima ot bod* 
(tut boiling poiot. 

W »>• Pjbilkin (1891) loand lh»t rapper baging 10 diMngngo hjdngan *t IW.tnS 
tbst oUoricle oJ oopp«r begim lo gim up lU chlorins to hrarogen gu ■( »aO= : for lilTW 
tbsu tsmpmtom ue U7° uid 3W*— that ii, lbiii« » lau diSccwM bstveM Ibam. 
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of eqaal volumes 6f each is immediately formed, the nme com* 
pound is obtained on mixing solutions of the two gases. It is alflU 
produced by the action of hydrochloric acid on ammonium carbonate^ 
Sal-ammoniac is usually prepared, in practice, by the' last method.^^ 
The specific gravity of sal-ammoniac is 1*55. We have already seen 
(Chapter VI.) that sal-ammoniac, like all other ammonium salts, easily 
decomposes ; for instance, by volatilisation with alkalis, and even 
partially when its solution is boiled. The other properties and 
reactions of sal-ammoniac, especially in solution, fully recaU 
those already mentioned in speaking of sodium chloride. Thus^ 
for instance, with silver nitrate it gives a precipitate of silver chloride i 
with sulphuric acid it gives hydrochloric acid and ammonium sulphate^ 
and it forms double salts with certain metallic chlorides and other 
salts.^^ 

tmmonlom should be understood in this way NH3 gives NH4CI because NX3 it 
capable of giving NX5. But as saturated compounds — for instance, 8O5 H^O, NaCI^ 
Sic. — are also capable of combination even between tbemselres, it is impoesiUe 
to deny the capacity of HCI also for combination. 8O3 combines with H^O, and also with 
HCl and the unsaturated hydrocarbons. It is impossible to recognise the distinction 
formerly sought to be established between atomic and molecular compounds, and 
regarding, for instance, PCI3 as an atomic compound and PCI3 as a molecular one, onlj 
because it easily splits up into molecules PCI3 and Clj. 

^ Sal-ammoniac is prepared from ammonium carbonate, obtained in the dry distill** 
tion of nitrogenous substances (Chapter VI.), by saturating the resultant solution with 
hydrochloric acid. A solution of sal-ammoniac is thus produced, which is evaporated, 
ftnd in the residue a mass is obtained containing a mixture of various other, especially 
tarry, products of dry distillation. The sal-ammoniac is generally purified by sublima* 
tion. For this purpose iron vessels covered with hemispherical metallic covers aro 
employed, or else simply clay crucibles covered by other crucibles. The upper portion, 
or head, of the apparatus of this kind will have a lower temperature than the lower por- 
tion, which is under the direct action of the flame. The sal-ammoniac volatilises when 
heated, and settles on the cooler portion of the apparatus. It is thus freed from many 
impurities, and is obtained as a crystalline crust, generally several centimetres thick, in 
which form it is commonly sold. The solubility of sal-ammoniac rises rapidly with the 
temperature: at O^', 100 parts of water dissolve about 28 parts of NH4CI, at 60° abonl 
60 parts, and at the ordinary temperature about 86 parts. This is sometimes takeii 
advantage of for separating NH4CI from solutions of other salts. 

*^ The solubility of sal-ammoniac in 100 parts of water (according to Alluard) is— 

0° 10° aO° 80° 40® 60° 80° 100° 110° 

28*40 82-48 87*28 41*72 46 66 61 78 77 

A saturated solution boils at 116°-8. The specific gravity at 16°/4° of solutions of sal- 
ammoniac (water 4° « 10,000) » 9,991*6 -i- 81'26p - 0'086p', where j» is the amount by weight 
of ammonium chloride in 100 parts of solution. With Uie majority of salts the differen- 
lial dtjdp increases, but here it decreases with the increase of p. For (unlike the 
aodiom and potassium salts) a solution of the alkali plu9 a solution of acid occupy n 
greater volume than that of the resultant ammonium salt In the solution of ioUd 
ammonium chloride a contraction, and not expansion, generally lakes place. It may 
further be remarked thai solutions of sal-ammoniac have an aoid reaction even when 
prepared from the salt remaining alter prolonged washing of the snblim^ tall with 
water (A. Stehisrfoakoff). 




Altuouos hydrochlorio acid, like water, ia one of the most stable 
substances, it is neverthelesa decomposed not only by the action of a 
galvanic current,' but also by a high temperature. Sainte-Claire Oeville 
showed that decomposition alrnady occurs at 1,300', because a colli 
tube (aji with CO, Chapter IX.)covered withan amiilgain of tdlver absorbs 
chlorine from hydrocUorio acid in a red-hot tube, and the escaping 
gas contains hydrogen. V Meyer and Langer (1885) observed the de- 
composition o( hydrochloric acid at 1,690' in a platinum vessel , the 
decomposition in this instance was proved not only from the fact 
that hydrogen diffused through the platinum (p. U2), owing 10 which 
the volume was diminished, but also from chlorine being obtained in 
the residue (the hydrogen chlonde was mixed with nitrogen), which 
liberated iodine from potassium iodide.* The usual method for the 
preparation of chlorine consists in the abstraction of the hydrogen b; 
oxidising agents."''' 



io by ui elacCrlc cnma^ Lus be«a propoud 

tun lor ths pre[>ualion o[ chlorinf and 

it decompflted bio «qiia1 voluinei at 



The dscompoiition oF tUHSdaodiumclilori 
Id Amedo and Riuiia (N. N. BdntotT) u n n 
tcdiiim. A atrong aolution of bydiochloric a 
cblocins uid hrdrogiin bj Ihe Mlion of ai slectrio c 
be melted in acrncible, the lonom being coooected with thacathoda and li carbon anode 
bnmecwd in thn lead, then the lead di»olre> Bodinm and chlaciue b disengoiged sa gag. 
Tlui eleclTolytio method has nol yet been pnxctieed on a lAtge ecalo, probablj becaube 
guaoni chlorine haa not manj applicatiooB, and because ot the difficolt; there ii in 
daating with it, 

' To obtain bo high a taDpeTalnre (at which the beat kindeof iwrcelain lolten} Langer 
and Uoyer employed the denbe graphltoldal carbon Itddi gca retorta, and a powerfol 
blait. The; determined Iha temperature hj the alteration ot the voluma oE nitiogeD 
In (hepUtiaiun rettti. for thiigaadoet not pai-mealo thiougb platiaum. andiinnatterod 

■ !■<• The acid pioperliaB of bjdnKhtoric add were biown when Larinaier pointed oat 
the fonnation ot acida by tha combination ot water with (be oiidae of tke non-metala, 
and tlieretore there Baa reaeoa for thinking that hydrochlorio acid waa lomed by tha 
combination of water oith tha oxide of eoioa element. Uooco when Scheele obtained 
chlorbie by the action of hydrochlorio acid on manganese peroxide ha eonndered it M 
Uw acid contained ia common aalt. When it became known that chlorine givei hyjra- 
Chlorlo acid nith hydrogen, Lavoiiier and Dertliollel aappaaed it to bo a BOiopoand with 
mntsb ol an anhydride contained In hydrwililorio acid. They anppoaid that hydro- 
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with hydrochloric acid or a mixture of common salt and talphnrio 
add* and washing the gas with water to remove hydrochloric acid.* 
Chlorine cannot be collected over mercury, because it combines with 
it as with many other metals, and it is soluble in water ; however, it 
is but slightly soluble in hot water or brine. Owing to its great 
weight, chlorine may be directly collected in a dry vessel by carrying 
the gas-conducting tube down to the bottom of the vessel. The chlorine 
will lie in a heavy layer at the bottom of the vessel, displace the air, 
and the extent to which it fills the vessel may be followed by its colour 

ool pariioipata m any way in ihe reaction, is added to the mixture to prerent ita fating. 
The leaotioni may be expressed by the following equations: (1) SMgCl^ + SMnCls-fgO 
- MgjMnsOi -flSCl : (8) Mg3MnsO« * 16HC1 - SlCgClj + SMnCl, * SHgO + 4C1. As nitrio 
aeid is able to take ap the hydrogen from hydroehlorio acid, a heated mixture of these 
aekls is also employed for the preparation of chlorine. The resultant mixture of chlorine 
and lower oxides of nitrogen is mixed with air and steam which regenerates the HNOn 
while the chlorine remains as a gas togetlier with nitrogen, in which form it is quite 
capable of bleaching, forming chloride of lime, &c Besides these, Solray and Mond't 
methods of preparing chlorine must be mentioned. The first is based upon the leactioo 
CaClff SiO«-f 0(air)"CaOSiOj * Cl^ the second on the action of the oxygen of the air 
(heated) upon MgCl^ (and certain similar chlorides) MgCl, -f O » MgO -t- CI9. The remaining 
MgO is treated with sal-ammoniac to reform MgCl, (HgO •► aNH4Cl - MgClt -h H,0 -f SNHg) 
and the resultant NH3 again converted into sal-ammoniac, so that hydroehlorio acid 
is the only substance consumed The latter processes have not yet found much appll* 
cation. 

' The following proportions are accordingly taken by weight : 6 parts of powdered nuui' 
ganeee peroxide, 11 parts of salt (best fosed, to prevent its frothing), and 14 parts of sul- 
phuric acid previously mixed with an equal volume of water The mixture is heated in a 
salt bath, so as to obtain a temperature above 100® The corks in the apparatus must 
be soaked in paraffin (otherwise they are corroded by the chlorine), and black india-rubber 
tubing smeared with vaseline must be used, and not vulcanised rubber (which contains 
■ulphur, and becomes brittle under the action of the chlorine). 

The reaction which proceeds may be expressed thus. BCnOf*-8NaCl-i-9H980« 
■ Mn804-(-Nat804-i-aH,0-f Cl^ The method of preparation of CI) from manganesa 
peroxide and hydrochloric acid was discovered by Scheele, and from sodium chloride by 
Berthollet. 

* The reaction of hydrochloric add upon bleaching powder gives chlorine without 
the aid of heat, CaCljOt -¥ 4HC1 - CaCl« ^ ^O -i- 8C1„ and is therefore also used for the 
praparation of chlorine. This reaction is very violent if all the acid be added at once; 
it should be poored in drop by drop (Merm^ Kiimmerer). C. Winkler proposed to mix 
bleaching powder with one quarter of burnt and powdered gypsum, and having damped 
the mixture with water, to press and cut it up into cubes and dry at the ordinary 
temperature. These cabes can be used for the preparation of chlorine in the same 
apparatus as that used for the evolution of hydrogen and carbonio anhydride— tha 
disengagement of the elilorine proceeds uniformly. 

K mixture of potassium dichromate and hydrochloric add evolves chlorine perfectly 
free from oxygen (V. Meyer and Langer). 

* Chlorine is manufactured on a larffe BOfUs from manganese peroxide and hydroehlorio 
acid. It is most conveniently prepared in the apparatus shown in fig. 6S, which con* 
abta of a three-necked earthenware vessel whose central orifice is the largest. A clay 
or lead funnel, furnished with a number of orifioet, is placed in the eentral wide neck 
of the vesseL Boughly-ground famipB of natural manganeee peroiide are plaoed in the 
fonaeUwhichiatbeooloiedbf ths cover N, and hUed with daj. Ont crifice is ckaed 
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Chtorfne la a pew of & yellowish green colour, and hoa a verj 
SD&bcBtiitg and characteristic odour. On lowering the temperfttnre (o 
— 00" or increasing the pressure to six almospheree (at 0') chloriaa 
condenses'' into a liquid which has a yellowish -green colour, » 
density of ]'3, and boils at — 31° The density and atomic weight of 
chlorine is 355 times greater than that of hydrogen, hence the molecule 
oontains CI,* At 0° one volume of water dissolves about IJ volume 
of chlorine, at 10° about 3 volumes, at 60° again IJ volume.* Such 



v^r 



bj ■ cl»j stopper, aud la med for Ihe inlrodnclion ol Ibe hydrochloti 

«lttailn«] of tho midnss. The eUonna diiengaged puMi along n I 

eonduDting tube placed In Ibe otbei orifioo. A row ol th«K 

TesBcls ■* Burroanded b; a. watar-bith to innDre their bebg 

uniformly heat^. Unii^uiflaa chlotide la fonnd in Ihe reaidiie. 

In Waldon'a proceu lirDe U added to Ibe Kid Eotatian of nun- 

fueae ehloiide, A dooblo docompoiilion Ukea pUc«, reanlliDg 

In the lonnation of mangiDoDB hjrdnnide Mid calcium chloride. 

When the inioluble roanganoua hj^roiidB ha* aetlled, a farther 

■ice«a ol nulfc of lime la added (to make a mixture 

llIn(OH),-f Ca04-xCaGI„ which la tound to b« llie bell proper. 

tion, indgiog from ejipflrimeni), and then air it forced through 

the millure. The hjdroilde ia thus converted from a colonilea. ' [,„ nismUmi ol 

to a brown vabatanoe, containing peroxide, UnOg, and oxide of chlor^ie ait « lane 

manguiBie, Un,0,. Thia i> due to Ihe manganou* oiide absorb- "*'*' 

Ing oxygen &Djn the air. Undf^ the action of hydrociilcric acid thia mixtore evoWea 

chlorine, becaDae ot all the compoandB of chlorine and maogauese the chloride UnCli 

la the oely one wluch is atable liec Note Bl Tbua one and th« aame mnaa of manganeaa 

Bay be repeatedly used for the preparation of eblorioe. The tuno result la attained in 

other waya II mioganDoa code be enbjected to the action ol oxidei ol nitrogen and air 

(Coloman'i prcccaa], then manganeae nitrite ia lormed. which at a red heat give* oiide* 

of nitrogen (which are again nted in the proceaa] and mnnganeae peroiide, which ia thue 

nnowed for the fresh evolution ol chlorine- 

* Dary and Fanday liqneBed chlorine in tess by heating Ihe cryitallo-hydraiB 
Cl^HgO in a bent tube (u with NH,1, aorrounded by warm water, while the other undol 
Iho tube waiimmencd in a treating mlilnre. Heiolan oondenaed cUaiine In tnwbly-bnml 
charcoal (placed in a glai* tabe), which when (sld abaorba an eqna] weight of chlorine. 
Tba tnbe was then fused up, the lieot and oooled, and the cbaKoal healed, by which 
tneans the chlorine waa expelled from the charcoal, and lAo preaaore Inereaaed- 

< Jndglnit trom LndwIgTa obasrvatloiiB tlMB), and ham tha foot thai the eoaEBoIent ot 
(Ttpanaion ot gaaeg iuereaiea with their moleautar weight (Cluster IX., Note M, for bydngen 
«rbonio anhydride » Q-STl, hydtogen bromide -0-S8<I),<lmi^tbe expected that 
the eipaneion ol chlorine would be greater than that ol air or of the guea compoiing it. 
T. Meyer and Langer (1B8S) hjttiog nmarted that at 1,100° the density ot chlorine (taking 
ts expanaion as equal lo that of nitrogen) dUB, conaider that Iho molecules ot chlorine 
iplil np and partially giie molcculea CI, but it might be maintained thut Ihe decrease in 
density abaerved only dependi on the increaae ol the coeStcient ot eipanaion. 

chlorine on boiling and paaalng air through them) ahow many diilerent peenllarities. Flrsl 
ac,andsub»(juently Pebaie,detormined that Ihe solubility inrreosea between 
, (l"andSMO°(fromltloa voIaoIchlorineperloavDla.of water alO^opto tltaa|atlO°]. 
Id Ihe following note wesbaHseethatthisisnatdue tothebreaking-apol thehjdrale at 
•bonl B° to 10°, but to i(i IbnBatiou below S°. Bosooe observed an incrsaie in the aolu- 
bility at Bblorliw Id the pieMoee ol hfdiDgea— ctco inlhsduk. Beithctot detenuiiMd 
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a solution of chlorine is termed * chlorine water;' and Is enmloyed in 
IV diluted form in medicine and as a laboratory reagent. It Is pr»> 
pared by passing chlorine through a series of Wonlfe's bottles or into 
an inverted retort filled with water. Under the action of light, chloriiie 
water gives oxygen and hydrochloric acid. At 0^ a saturated solution 
of chlorine yields a crystallo-hydrate, C1|,8H|0, which easily split* np 
into chlorine and water when heated, so that if it be sealed up in a tube 
and heated to 35^, two layers of liquid are formed — a lower stratom 
of chlorine containing a small quantity of water, and an upper stratam 
of water containing a small quantity of chlorine. ^° 

Chlorine explodes u^(/* hydrogen^ if a mixture of equal volumes be 
exposed to the direct action of the 8un*s rays ** or brought into contact 

tn tucreate of lolubility with the progreM of time. ScliSnbein tbd others snppoe* thai 
chlorine acts on water, forming hypochlorous and hypoohloric acida, (HG10-*-HCI) 

The eqailibriom between chlorine and iteam ae gaees and between water, liquid 
chlorine, ice, and tlie solid crystallo-hydrate of chlorine is evidently very oomplei. O-ibba. 
Onldberg (1670) and others gave a theory for similar states of eqoilibrioni, which was aft«r> 
wards developed by Booseboom (1887), bat it would be inopportune here to enter into its 
details. It wiU be snf&cieni in the first place to mention that there is now no doabi 
(according to the theory of heat, and the direct observations of Ramiay and Young) that 
the vapour tensions at one and the same temperature are different fbr the liquid and 
solid states of substances ; secondly, to call attention to tlie following note ; and, thirdly, 
to state that, in the presence of the crysUllo-hydrate, water between 0^*84 and -fSS^T 
(when the hydrate and a solution may occur simultaneously) dissolves a different amount 
of chlorine than it does In the absence of the crystallo-hydrate. 

^0 ikccording to Faraday's data the hydrate of chlorine contains Cl9,10H«O,but Boqi« 
boom (1880) showed that it is poorer in water and *Cla,8H90, At first small, alm«al 
colourless, crystals are obtained, but they gradually form (if the temperature be below 
their critical point 88^*7, 'ibove which they do not exist) large yellow crystals, like those of 
potasJiium chromate. The specific gravity is 1*88. The hydrate is formed if there b« 
more chlorine tn a solution than it is able to dissolve under the dissociation pressure 
corresponding with a given temperature. In the pretence of the hydrate the peroentags 
amount of chlorine at 0<^ * 0*5, at 0^ » 0*9, and at 30^ - 1 '89. At temperatures below 0^ the 
iolubility (determined by Qay-Lussac and Pelouse, tee Note 9) is dependent on the forma- 
tion of the hydrate; whilst at higher temperatures under the ordinary pressure the 
hydrate cannot be formed, and the solubility of chlorine falls, as it does for all gases 
(Chapter I.). If the crystallo-hydrate is not formed, then below 9^ the solubility foUowt 
the same rule (0^ 1'07 p.c. CI, 9° 0*96 p.o.). According to Booseboom, the chlorine evolved 
by the hydrate presents the following tensions of dissociation : at 0^ « 249 mm., at i^ a 896, 
at 8^ ■ 020, at lO'' » 797, at 14<> « 1,400 mm. In this case a portion of the crystallo-hydrate 
remains solid. At 0^-6 the tensiorf of dissociation is equal to the atmospheric pressure. At 
a hig|ier pressure the crystallo-hydrate may form at temperatures above 9° up to 88°'7, 
when the vapour tension of the hydrate equals the tension of the chlorine. It is evident 
that the equilibrium which is establishe4 is on the one hand a case of a complex heteit>* 
geneous system, and on the other hand a case of the solution of solid and gaseous 
tnbstanoes in water. 

The crystallo-hydrate or chlorine water must be kept in the dark, or the access of light 
be prevented by coloured glass, otherwise oxygen is evolved and hydrochloric acid 
fbrmed. 

** The chemical aotioa of light on a mixture of chlorine and hydrogen was discovered by 
Osj-LoiMe and Th^isid (1609). It hM'btfen inveetigated by many savants, and etpedaU j 
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with spongy plsttntim, or a strongly heat«dsabstAtice, orwhenBnbject«d 
to the action of an electric Bpnrh. The explorion in this cow takes place 
for exactlj the eaioe reasons; — i,e. the evolution of heat aad eXpaniion of 
resultant product— as in the case of deton&ting gas (Chapter 111.) 
DiflHued light acta in the same naj, but slowlj, \rhilat direct sunlight 
causes an explosion." The hydrochloric acid gas produced hj the 






Electcio oi 



a light, or tlie Ughl emitted by 
c oiide, uid Botioio light fa genen], Mti la 
tbiiune mumoriti aimlif-Iit, [s prop<irtI<si:i to Kb intaniity. &t(«nipentnieabelD«~11' 
light DO loogu brinfii tboot nuUan, ■» »l ^ erents ioet not gire tn aiploiioii. II ou 
long luppoMd IhU chlorine tbii liad been lubjected to the utianof light »»Kfterv&rdi 
ftble to *ot on hydrogen ld tha dark, but it wu ahoim Llut thla tmlj tKhos plan ivitU 
noiat cUorine, huA depends on tha (onoaitton of oridea ol chlorine. The preMnre ol 
loreigD gWM, uid sven ot eioeea at chlorine or of faydicgen. terj moch enfeeble* lbs 
ex^oeion, and therefofe the eiperimont l« coodncted with & detonating mixtatv 
prepared bj the action ol an eloctric conrent oa • itrong salution (sp. gr. IIS) at hydro- 
chloric acid, in which ca40 the water is not decompaaed — that iB. no oxygen becomn 
TBiied with the thlorine. 

■■ The qoaatitjr ol chlorine uid hydrogen wbioh combine li proportiona] lo the intensity 
of tlw light— not ol all the raye, bnt only IhoDB ao-tenscd cheiaical (lUtinic) rayi which 
produoe cli«mical aetiaD. Hence a miiture ot ehlorin* and bydrogen, whan oxponed to 
tiW aetion of light iaTSiHil*<rIkllowncap*cityalldnirfaoe,may be amplojedaa an actios- 
IMter-mikt U, u ■ meui> toi eiUmating Iha intouitjol the chemlcat laya, the inflnencc of 
the baalraya being preriooaly deilroyed, which maybe done by paEaingtho rayithrongh 
water. iDvoriigations of thi* kind (photo-ahsmieal) abowcd that cbeniuil action 1* 
chiefly limited to the liolet end ol tlw speotnun, and that evea the iDTieible altra.Tiolet 
rayi proddce this action. A colourleaagaafiamecantainano chemicaliyactiTeraya; the 
flame coloured giean by a eeJt of copper evincea more chemic&l Action than the colonrleia 
flame, but tho Same brightly caloored yellow b; aalta of aodinm has no more chemiu) 
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^ the chemical action of light bocomea evident ID planM, pboiography, the bleaching 
ol tiitnee, and tho fading of colonca in the annlight. and ai a raeana for ttndying the 
phenomenon [■ gircn In the roactioD of ohlorine on hydrogen. Ihii lubject haa been the 
moet folly InTcitigated in photo-chtmiltrf. The reacuchea ot Bonsen and Boacoe in 
the Aftiei and ttitiea are the moateomplete in tliia reapect. Thetr actinometer contauii 
bTdrogen and ehlotine, and i* tORoandad by a tolulion of chlorine m water. The hydro. 
chloric add ii tbiorbed aa it forma, and therefore Qia variation in volume indicatea tho 
progrMB ol the combiaalion. &■ waa to be eipectel, the action of light ptoisd la be 
|iropottlOD*l lo tho time ol eipoaate and intensity of the light, ao thai it waa poaaibta to 
oondnct detailed photometrical (nveitigationa respecting the time ot day and season ol 
the year, varions sourcna ot ligbl, Ita absorption, Ac This mbjeei la eon^dered in detail 
in special works, and we only atop to mention one elntmistanoe, that ■ amall qnuitity ol 
k torsigo gas decreases tho action ot light; lor example, ihi i' hydtogCD by 83 p.c. 
fhotoijgenby 10 p.c. rbs <>' chlorine by SO p.c., Ike AccoidiDglo the reeearehea ol 
Klimenko and Pekaloros (1889), the photo-chemical ■iteratioD ol ehlorina water la 
nlorded bj the presence ot traces ol metallic chloridea, and this influence vajiee with 
different metala, 

I heat Is evolved m the reaction of chlonno on hydrogen, and aa this 
noction. being etotherinal, nuy proceed by iteelf, the action Dl light ia eaaentlally tha 
aa that of beat — that ii, it bring* tbe chlorine and bydrogen into the eoDdilion 
oeoMsar; for tbe reaction— It, m we may aay. diatarba the original aqnilibriora ; this la 
Iha work done by the himinoaB eneigy. [t aeems to me thai tbe action of light on the 
mind giMB rfioald be ondenlood In thlf taate, at Piis^aim (1B7T) pobited oat. 
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renotion ot dilorine on hydrogen occupies (at the original temperfttniB 
and pressure) a volume equal to the sum of the original volomes , that 
is, a reaction of substitution here tskw place H, + Gl, m HCl 4- HCl 
In this reaction twenty-two thousand heat units are evolved for one 
part by weight [1 gram] of hydrogen J' 

These relations show that the affinity of chlorine for hydrogen if 
very great and analogous to the affinity between hydrogen and oxygen. 
Thus '* on the one hand by passing a mixture of ateam and ohloiine 
through a red-hot tube, or by exposing water and chlorine to the sun- 
light, oxygen is disengaged, whilst on the other hand, as we saw above, 
oxygen in many cases displaces chlorine from its compound with 
hydrogen, and therefore the reaction H,0 + Cl| a 2HC1 -|- O belonga 
to the number of reversible reactions, and hydrogen will distribute 
itself between oxygen and chlorine. This determines the relation 
of 01 to substances containing hydrogen and its reactions in the 
presence of water, to which we shall turn our attention alter 
having pointed out the relation of chlorine to other elements. 

Biany ftietals when brought into contact with chlorine immediately 
combine with it, and form those metallic chlorides which correspond 
with hydrogen chloride and with the oxide of the metal taken. This 
combination may proceed rapidly with the evolution of heat and 
light ; that is, metals are able to bum in chlorine. Thus, for example^ 
sodium *^ burns in chlorine, synthesising common salt. Metals in the 
form of powders bum vdthout the aid of heat, and become highly 
incandescent in the process ; for instance, antimony, which is a metU 
jOaeily converted into a powder.** Even such metals as gold and 

<* In (he formation of 8te*in (from one part by weight [1 gram] of hydrogen) 99,000 hetS 
unite ere evolved. The following are the qnantitiee of heat (thoniandt of unite) trolrtd in 
the formation of varioae other oorr«»pomf tn^oompoonde of oxygen and of chlocine (troB 
Thomeen'e, and, for KajO, BeketofTs reeolts) 

r8KaCl,196; 
C NaAlOO; 
laAaCl3,148: 
( Ae^OsflSS; 

With the first fpor elomente the formation of the chlorine oompoond gives the iDOil 
heat, and with the foar following the formation of the oxygon compound erolvee ths 
greater amount of heat. The first four chlorides are true salts formed from HCl and the 
oxide, whilst the remainder have other properties, as is seen from the fact that they §x% 
not f6rmed from hydrochloric acid and the oxide, but give hydrochloric add with water- 

t^ This has been already pointed out in Chapter IIL, Note 6. 

** Sodium remains unaltered in perfectly diy chlorine at the ordinary temperatmsb 
sod even when slightly warmed ; but the combination ie exceedingly violent at a red heat 

<* An instructive experiment on combustion in chlorine may be oonduoted as follows: 
leaves of Dutch metal (used instead Of gold for gilding) SIS pUoed in a gUie globtb inda 



CaCl«170; 


HgCl^OS^ 


8AgCl,60. 


CaO,181; 


HgO. 48 ; 


Ag,0, 0. 


aPCl».810; 


ecu, 81; 


8HC1, U (gM). 


PaOfttWO; 


CO|,97; 


H,0, 68 (gaeV 
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platinnm," wMch do not combine directly with miygeb stid give vary 
unstable compoands with it, unite directly with chlorine to form 
metallic chlorides. Either chlorine vater or oquA regia maj' be etn- 
ployed for this purpose instead of gaseous chlorine. Theso dissolve 
giold and platinum, converting them into metallic cbloridea. Agtta 
regia is a, miitura of 1 part of nitric acid with 3 to 3 parts of hydro- 
chloric Bcid. This mucture converts into soluble chlorides not oqly 
those metals which are acted on by hydrochloric CLod nitric acids, hut^ 
(Jso gold and pUcinnD), which are insoluble in either add Eepsirately. 
This action of aqua regia depends on the fact ihat nitnc ncid in act- 
ing on hydrochloric acid evolves chloriae. If the chlorino evulved be 
transferred to a nutol, then a fresh quantity is formed from the 
remflining ttcida and also combines with the metal," Thus the aqua 
regia acta by virtuo of the chlorine which it contains and disengages. 

The majority of non-metals also react directly on chlorine ; hot 
sulphur and phosphorus burn in it and-xwrnbine with it at the ordinary 
tempemture. Only nitrogen. Carbon, and osygen do not combine 
directly with it. The chlorine compounds formed by the non-metala— 
for instance, phosplioma trichloride, FCl,, and Bulphurons chloride, 
kc., do not have the properties of salts, and, as we shall aft«rwardB see 
more folly, correspond to acid anhydrides and acids ; for exaniple, PG)^ 
—to phosphoroas acid, P(OH), 

NaCi FeCIa SnCl, PCI, HCI 
Na<HO) Fe(HO), 8n(H0), P{HO), H{HO) 

gu-HradiutiDg tube hinuatiad willi » | 
■ir 19 pitmpcd out of Ilia globe. Tba g 
OOQtiuiiiiig chlorine, and Qia cook open 



n codi it placed ia Um lock oIowik it, ud the 
; the chlon'os Tmhea ia, ani the metailis 1i»t« 



■' The bcbkrioot ol ^Utiniuo to chlorine it k high tampentnni (1,4IX)°) b tary 
nouu-kftble, becuiHi pUtinoiia ohtorids. PlCl^ ia than formed, nhilit this subitiuico de- 
oompoeai At a moch lower teinperatuTe into cbloriiw and plalimun. Benee. when 
Bhlorinfl cornea into codtact with pUBimub %i aiieh high Uatpeotlnrea, il Iordb fumsa ef 
platinoD* chloride, and the; on cooling dtcompoae, with the libarBtion ol pUtinun. ao 
tliat the phaoomenon appeua to bo dependout on the voktilityof pktinnm. Devilla 
proved (ho formation of (ilatiqoaB chloride bj inucting a eold tabe ingido a led-hot one 
(aa in th« eiperimanl so eubonlo onda}. Boanrtt, V. Htya ma aliti to obaerve tha 
duaity ofuhiorinelD a pUtinnm veaatl >t l,Bfl0°, atwhlobtanipeTtliHe ohlotioa doea not 
caait thia action on pUtinam, or at leaat oolr lo aa InaigBiBoant dagna. 

■• When left eipeaed to the air aqua regia ffiaangi^ sUiaioa, vid sftenntdi il no 
lang« acta «■ gold. Rar-LcHae, in aiplaining tba aallcai ol oqaa Ngia, ahoved Ihat 
when heatad it eioiiea, beaides chlorine, Iha •apowiol twoehloniLhjdtidia — that of nilrio 
Mid, NOiCl (nitrioacid, NO,OH, in which HO ia replaced bjchlorinei (m Chaptsr oh 
PhospharuiX and thai o( nitrous acid, KOCl~bn( these do nai ao( on gold. The 
iDtButiBD of aqua regia dm; UwrelOre be uprcaaed by tNHO; .f BHCU ■K0^1+ SiHOCl 
•DH^+9Cly The totntlionollhschloridea N0,C1 and KOCI ia eipUbod b; the I«il 
ttiat tha nilria acid is deondised.giveilhaaiidesNO and NOu and tbcjdiieotlx combing 
With (Uorine to torai (be aboie anhrdridaa. 
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A* the fcbove- mentioned rel&tion in composition — i.e. substitntion of 
CI by tbe aqueous residue — exists between tnaDy chlorine oompoouds 
and their corresponding hydrates, and as furthermore some (acid) 
hydrates ore obtained from chlorine compounda by tbe action of water, 
for instance, 

PCI, + 3HjO = P(HO), * 3HC1 

PlKxphoTtii „.,., Phoiphoroos Hyaroehlntla 

Itichlarids " «« *eii 

whilst other cblorine compounds are formed from hydroxides and 
hydrochloric acid, with the liberation of water, for example, 

NaHO * HCI =. NaCT + H,0 
«e endeavour to express this intimate connection between the hydrate* 
and chlorine compounds by calling the latter dJoranhi/dridet. In 
general terms, if the hydrate be basic, then, 

M(HO) + HCI = MCI + H,0 

bjdnla hydrochloric Mid •= chlonnhyiiiido • BiiUr 

and if the hydrat« ROH be acid, then, 

RCl + H,0 = R(HO) + HCI 

ChlD[uih;drido * wiLer > tirdnto • hTdroehloria Mid 

The chlomnhydrides MCI corresponding to the bases are evidently 
metallic chlorides or salts corresponding to HCI, Tn this manner « 
distinct equivalency is marked between the compounds of chlorine and 
the so-called hydroxyl radicle (HOj, which is also expressed in the 
analogy existing between chlorine, CI,, and hydrogen peroxide, (HO)^. 

As regards the chloranhyd rides corresponding to acids and noa- 
■netols, they bear but little resemblance to metallic salts. They are 
nearly all volatile, and have a powerful saSbcating smell which irritates 
the eyes and respiratory organs. They reed on water like many 
anhydrides of the acids, with the evolution of heat and liberation ot, 
hydrochloric acid, forming acid hydrates. For this reason they cannot 
tmalty be obtained from hydrates— that Is, acids — by the action ot 
hydrochloric acid, as in that case water would be formed together with 
them, and water decomposes them, converting them into hydrates. I^ere 
«re many intermediate chlorine compounds between true saline metallio 
dilorides like sodium chloi'ide and true acid chloranhydridei, just as 
there are all kinds of transitions between bases and acids. Add 
diloranhydrides are not only obtained from chlorine and non-metals, 
hut also from many tower oxides, by the aid of chlorine, noi, for 
MHDple, CO, NO, NO,, SOj, and other lower oxides which are 
. flvtble of combining with oxygen may also combine with a oorre- 




w 



sptouling qnantity of chlorine. Thug CQCIj, NOCl, N0,C1, S0,C1„ 

3 obtained. They correspond with the hydrates CO(OH)„ 
NO(OH), NO,(OH), SO,(OH)„ic., and to the anhyhridea CO,, 
N,0„ N,Os, SO3, &c. Here we ahould notice two aspects of the 
matter : (I) chlorine combines with that with which oxygen is able to 
combine, because it is in many respects equally if not more eaergetio 
than oxygen aiid replaces it in the proportion CI" : ; (3) that highest 
limit of possible combination which is proper to a given element or 
grouping of elements is very easily and often attained by combination 
with chlorine. H phosphorus gives PCI3 and PCI3, it is evident thot 
PCIj is the higher form of combination compared with PCI,. To the 
form PClj, or in general PXt, correspond PH.I, PO(OH)„ POClj, &c. 
If chlorine does not always directly give compounds of th^ highest 
pOBsible forms for a given element, then generally the lower forms 
combine with it in order to reach or approach the limit. This ia 
particularly clear in hydrocarbons, where we see the hmit C,H,„,, 
very distinctly. The unsaturated hydrocarbons are sometimes able to 
combine with chlorine with the greatest ease and thus reach the limit. 
Thus ethylene, C^„ combines with CI3, forming the sO'Called Dutch 
liquid or ethylene chloride, C,IItCl|, because it then reaches the limit 
('iiXj,.!. In this and all similar coses the combined chlorine is able by 
reactions of sabEtitution to gii-e a hydroxide aud a whole seiies of other 
derivatives. Thus a hydroxide called glycol, C]H,(OU)a, is obtained 
from CjH.a,. 

Chlorine in the presence of vsUtr very oft«n actfi directly a* an 
otcidieiTig agent. A substance A combines with chlorine and gives, for 
example, AClg, and this in turn a hydroxide, A(OH)„ which on losing 
water forms AO. Here the chlorine has oxidised the substance A. This 
frequently happens in the siroullaneous action of water and chlorine : 
A + H3O + CI, = 2HC1 -f AO. Examples of this oxidising action of 
chlorine may freqnently be observed both in practical chemistry and 
technical processes. Thus, for instance, chlorine in the presence of 
water oxidises eulphnr and metallic sulphides. In this cose the 
sulphur is converted into sulphuric acid, and the chlorine into hydro- 
chloric acid, or a metallic chloride if a metallic sulphide be taken. A 
mixture of carbonic oxide and chlorine passed into water gives carbonic 
anhydride and hydrochloric acid. Sulphurous anhydride is oxidised 
by chlorine in the presence of water into sulphuric acid, juat as it is 
by the action of nitric acid ; 80, + 2HjO + CI, = H,SO« + 2HC1. 

The oxidising action of chlorine in the presence of water is taken 
advantage of in practice for the rapid bleaching of tissues and fibres. 
Ibe oolooring matter ol the fibres is altered by oxidation and con- 




Ito #p^ l iis»ftrtt» f4 Htm Im* irf « ufc i <WH fc w at datr ami kutnrae^r 
tllifOrtmt AliimytM*, ho* matc •wpwiARj hite« ««B mKCioiu if tjna kind 
Uli l B l ii ttif^m iinltf*t rnnAndt «f ttm ft w t fo a of maa; nitwtuii:ei 
•Mah w* h»TA '>fMn mmrtinttMl mhI (a wfcudi mMmrM is hmd in mjuiy 
aww rfi i^h^miotff . Thin MtlorliM 4am nne a^ 'Mt caHMn,'" axjgoii, 
t¥ nHffrgf ^ , hn* imvuTf. t m lni h>t cmnpnondi with t)wK i>[em«iCa maj 
tM Alifjthtart hy Mm trxtimrtt MOthorf (rf ttut rahatitQtiaa of hjdrogoi 

An tMnrtwt HMily gwnlii ww irHh hTdmgm, m) iloea not act on 
MfWi, H fhwiffipft wn h/ifroMrfioiM f«iMl nwnj of tb«ir derirmtiTes) at 
■ hiifii t/nittf*ntw, AHprh i ng ttmrn of tlwfr hTdngea mnd Ebenth^ 
Ifco Mfhon, M. ff>r nctmpl*, I* aImtIj aMtn when & HfjbttA cKixDe n 
^tioMt )n • TMwl wmtnlniny shIorbM. Tb« flanfl beemnca asMlIer, but 

•* (h'lM wi^ ^rrfM* M tiT4rr«m tim MuMlt tliiwr n . A* lh« Ktim of poon^ «f 
InAr'V'n !• Mol)^ rw>nir..|M 1,^ taking k naiUi vilKhAD, aad m il hu liMdtjr taj iHim 

ff^fm th> llinniH lh*TnwK», II li r»p1vln| rhlnflnK mnrn lad mon h ft bkuhmg iigeB*, 
no MMMn* in"t"*1 nf "hliwln" l» ■ppar'nl In a*rtrojiii([ the mnjotitj of orguia 
MiW II *!, Hi'l irrnTM fatal to nrarttilinM. Till) Hllna at thlortnalu taVm ndTiuita^ of in 
itnannllni- ilntimi* Ittit Ilia •tni|.la (■nilfaibm t>7 (hViriiM mart ba'curied imwith 
K, l>afinH«bJ'rflna 4lA«r>gigfid into 
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«ontmnestobiirafr>raoert«in time, a large amuimt of soot is obtained, 
and hydrochlorio ticid is formed. In this caso the gaseous and incsn- 
descent substAnces of the flame are decomposed by the chlorine, tlie 
hydrogen combines with it, nnd the carbon is disengtiged as soot." 
This action of chlorine on hydrocarbons, ice., proceeds otherwise at 
lower temperatarea, as we will now consider. 

A very important epoch in the hL<itary of chemistry was inaugorated 
by the discovery of Ihimaa and Laurent that chlorine is able to displace 
and r^aee hydrogen. This discovery ia important from the fact that 
chlorine proved to be an clement which combines with great ease 
dmultoneously with both the hydrogen and the elcmeut with which 
the hydrogen waa combined. This clearly proved that there is mi 
opposite polarity between elements formingstable compounds. Cbloriiiu 
does not combine with hydrogen because it has opposite properties, as 
Dumoa and Lonrent stated previously, accounting hydrogen to be 
electro -positive and chlorine electro- negative ; this is not the reason of 
their combining together, for the same chlorine which combines with 
hydrogen is also able to replace it without altering many of Die 
properties of the resultant substanoe. This substitution of hydrogen 
by chlorine is termed tnetaUpm. The mechanism of this substitution 
is very constant. If we take a hydrogen compound, preferably a 
hydrocarbon, and if chlorine acts directly on it, then there is produced 
on the one hand hydrochloric acid and on the other hand a compound 
oontaining chlorine in the place of the hydrogen— so that the chlorine 
divides itself into two equal portions, one portion u evolved as hydro- 
chloric add, and the other portion takes the place of the hydrogen 
thus liberated. Hence this metai^ns U always aecompanietl by the 
formiUum of hydroehloric aeirf.'* The scheme of the process is as 
follows : 

C,H,X + CI, = C,H.,,C1X + HCl 

HTdioarboD Fnw cUarine Prodnot ot metileptii Bjdiochlono uli 

Or, in general terms — 

RH 4= CU, = ROl + HCl. 
The conditions under which metalepsis takes place are also very 
eonsUknt. In the dark chlorine does not usually act on hydrogen com- 

^ Tho Mun« roMtloD taJiea p1u« tudpr tha ution ot aijgetii witb tlu differeac« tLut 
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pounds, but the action eomroeooet under the inflaenoe of liglii. The 
diiect action of the sun'a rays ia paitioakriy propitious to metalofMiai 
It iff also remariukble that the presence of traces of certain sabetanoes,** 
especially of iodine, alominium chloride, antimony chloride, Aa, promotea 
the action. A trace of iodine added to the substance snlirjected to 
metalepeiB often produces the same effect as sunlight.** 

If marsh gas be mixed with chlorine and the mixture ignited, then 
the hydrogen is entirely taken up from the marsh gas and hydroohlorfe 
acid and carbon formed, but there is no metidepsis.** But if m 
mixture of equal volumes of chlorine and marsh gas be exposed to the 
action of diflhsed lifi^t^ then the greenish yellow mixture gradually 
becomes colourless, and hydrochloric acid and the first product d 
metalepsis — namely, methyl chloride— hre formed 

CH4 + qj ■■ OH^Cl + HOI 

BCtfih gM ChkaniM Uethjrl chloride Hydrochlorie Mid 

The volume of the mixture remains unaltered. The methyl 
chloride which is formed is a ga8#. If it be separated from the hydro- 
chloric acid (it is 8olu]l>le in acetic acid, in which hydrochloric acid is but 
sparingly soluble) and be again mixed with chlorine, then it may be 

^ Baoh cMrrien or medift for th« transf eronoe of ohlorlne and the halogens in general 
were long known io eziit in iodine and ftntimonkmt chloride, and have been moel loUjr 
dadied by GostaTBon and Friedel, of the PetrofUcy Academy— ihe former with reepeel 
Io alominium bromide, and the latter with respect to alominiom chloride. QoetaTion 
•bowed that if a trace of metallic alominium be diuolTed in bromine (it floats on bromin^ 
and when combination takes place moch heat and light are erolred), the latter becomes 
«idowed with the property of entering into metalepsis, which it is not able to do of ils 
own accord. When pore, for instance, it acts my slowly on benxcne, C^He, bat in ths 
presence of a trace of alomininm bromide the reaction proceeds violently and easfly, so 
that each drop of the hydrocarbon gives a masa of hydrobcomic add, and of the prodoel 
of metalepsis. Oostavson showed that the modut operandi of this instructive reactioo 
is based on the property of alominiom bromide to enter into combination with hydro- 
earbons and their derivativei. The details of this and all researches concerning the 
BMtalepsis of the hydrocarbons most be looked for in works on organic chemistry. 

** As small admixtorei of iodine, alominiom bromide, d;c., aid the metalepsis of lam 
qoantities of a sobstance, jost as nitric oxide aids the reaction of solphoroos anhydriis 
on oxygen and water, so the principle is essentially the same in both casea Effects of this 
kind (which should also be explained by a chemical reaction proceedmg at the sorfaoae) 
only differ from troe contact phenomena in that the latter are piodoced by solid bodies 
and are aooompUshed at their snrfacee, whilst in the former all is in solotion. Probablf 
the action of iodine is founded on the formation of iodine chloride, which reacts more 
eadly than chlorine. 

* Metalepds belong! to thennmber of delicate reactione— if it n»y be sn ntrr nsis^- 
as oompaxed with the energetic reaelion of combostion. ICany caaee of sobstitiitioB aie 
of this kind. Reactions of metalepsis are accompanied by an evolotion of heat, but in a 
le« qnantitjihan thai evohed fai Ihs formation of fhe rssnlting quantity of the halogen 
adds. Thus the peaetfon OtHft-CSt'CiHtCl-f-HCl, aooocding to the data given by 
TlMBiaen, evohree iboot 90,000 hMft mUH ^^t^ the loanaiioa of faydioohktio add 
trotfM n/NX) nnita 
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mbjeoted to a. fortber metalepdcal sabatitution — the second atom of 
hydrogea may be substituted by chloriue, aud a Liquid substance, 
CHfClg, oalled methylene chloride, will be obtaiaod. In the same 
manner the substitution may be carried on Btill further, and CnClg, 
or cblorofomi, nnd lastly carbon tetrachloride, CC1„ will be produced. 
Of these substances the best kaown ia chloroform, owing to its being 
formed from many organic substances (by the action of bleaching 
powder) and to its being used in medicine as an anffisthetie ; chloroform 
boils at G2° and carbon tetrachloride at 73°. They are both colourless 
odoriferous liquids, heavier than water. The progressive substitution 
of hydrogen by chlorine is thua evident, and it can be clearly seen that 
tba double decompositions are accoinpiishod tetween molecular quanti- 
ties of the substance — that is, between equal volumes in a gaseous state. 

Carbon tetrachloride, which is obtained by the metalepsis of marsh 
gas, cannot be obtained directly from chlorine and carbon, but it may be 
obtained from certain compounds of carbon — for instance, from carbon 
bisulphide— if its vapour mixed with chlorine be passed through a 
red-hot tube. Both the sulphur and carbon then combine with the 
chlorine. It is evident that by ultimate metalepsis a corresponding 
carbon chloride may be obtained from any hydrocarbon— indeed, the 
number of chlorides of carbon C.Ci,, already known is very large. 

Asa rule, the fundamental chemical characters of hydrocarbons are 
not changed by metalepsis ; that is, if a neutral substance be taken, then 
the product of metalepsis is also a neutral substance, or if an acid be 
taken the product of metalepsis also has acid properties. Even the 
crystalline form not untrequently remains unaltered after metalepsis. 
The metalepsis of acetic acid, CHgCOOH, is historically the most 
important. It contains three of the atoms of the hydrogen of marsh 
gas, the fourth being replaced by oarboxyl, and therefore by the action 
of chlorine it gives three products of metalepsis (according to the amount 
of the chlorine and conditions under which the reaction takes place), 
mono-, di-, and tri-chloracetio acids— CHj CI COO H, CHCI,COOH, and 
CClj'COOa ; they are all, like acetic acid, monobasic. The resulting 
products of metalepsis, in containing an element which so easily acts 
ou metals as chlorine, possess the possibility of attaining a further com- 
plexity of molecules of which the original hydrocarbon is often in no 
way capable. Thus on treating with an alkali (or first with a salt and 
then with an alkali, or with a basic oxide and water, &o.) the chlorine 
forms a salt with its metal, and the hyJroxyl radicle takes the place of 
the chlorine— for example, CH3OH is obtained from CH,C1. By the 
action of metallic derivatives of hydrocarbons — for example, CH,Na — 
the chlorine 'also gives a salt, and the hydrocarbon radicle— for instance, 




I 

I 



THE HALOOEKS 

OaHgO] or Oi(OH)t, may be replaced by chlorine and g1*« 
bypochlorite, KCIO, cnlciuro hypochlorites CaC],0„ axxd the so-called 
chloride of nitrogen, NCIj. For not only is the correlation in composition 
the same as in the snbstitation in mnrsh gas, but the whole mechanism 
of the reaction ia the anme. Here also two atoms of chlorine act ■ 
one takea the place of the hydrogen whilst the other is evolved as 
hydrocWorio ncid, only iii the former cose the hydrochloric acid evolved 
remained free, and in the tatter, in presence of alkaline substances, 
il reacts on them. ThuE, in the action of chlorine on cauatic 
polaah, the hydrochloric acid formed acts on another quantity of caustic 
potash and gives potassium chloride and water, and therefore not only 
KHO -f CI, = HCl + KCIO, but also KHO + HCl = H,0 + KCI, 
Hid the result of both simultaneoua phases will be 2KH0 + CI, 
c= HjO + KCI + KCIO. We will here discuss certain specUl 



The action of chlorine on ammonia may either result in the entire 
breaking up of the ammonia, with the evolution of gaseous nitrogen, 
or in a product of metalepsis (as with CH^). With an excess of 
chlorine and the aid of heat the ammonia ia decomposed, with the 
disengagement of free nitrogen.*'' Tliis reaction evidently result* 
in the formation of sal-ammoniac, 8NH, + 301, = 6NH,C1 -f Nj. 
But if the ammonium salt be in excess, then the reaction takes the 
direction of the replacement of the hydrogen in the aninionia by chlorine. 
The principal result ia that NHj + 3C1, forms NQ, + SHCl." 

* Thii latj be Ukeu Bdvuntigf al in Uie prepiDitioD of nilicgen, II n luge eictn 
of d^lorino w&teT bo pfitir«d mto n bctLlEer, And a unidt qnatitity of a Kolulidn of ammtmih 
be *dded, then, allei ihtliiag. nllrDgrn it aYaliwd, If chlonne ut on '" 
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cUorino Ukeu, becuiBa DinmoniaDi hrpochlirite ia (DRD»d. If umnoniii gu b« p 
thlongh ■ Sot orifloe into ■ vs8h1 eonUining ohlonne. Cbe nution of tlia tonnaUDn 
«l nitrogen ia uauBpuiied b; Ihe emiBtion ol lighl ud the iippcanuico ol a elond of ml- 

*• ThehTdrocbloric arid formed oombinea with unmonia, and Ih^Telore the flnaJ remit 
i< 4NH,+tlCI,-NCl,4 8NH4C1. F« thi* rewon, more anunoniji matt enter mid tha 
reictiDii, but the metnleinioaJ te&etion in mlit; only takqi plocu with on exc«aa of 
Smnioni* or its (aJt. II bobblca of elilorine be paaaed throDgb a fine (obe into ■ Teisel 
conUining unmonin gas, eacb bobble gim rite to an oijilDiioii. If, however, 
eblorine be puted into n aolntion of imnioniii, tbe reaotion at firat bringi abont 
the lomiation of nitrogen, becante chloride of nitrogen acts on ammonia like chlorine. 
Bat oben e*l.wninoniao haa begun to form, then the reaction directa ituilf towudi 
the formation of rhloiide of nitrogtm. Tbe Grat lution of ehlorine on a aolution of 
nl.ammcreu&e alwaya canaea the formation of cMoridf, at nitrogen, which then reaota on 
unmania thui: NC1,+4VH,-N,-f BNU^a. Thcnfore, » long aa Uie liquid ia elka- 
Une from tbo preaence of ammonia the cbiel prodoot will tw nitrogen. The reaclion 
ME,Cl-fSClii^NCI] + 4HCliarsi'araibte: with a dilate eolation it proceeda in tbe aborc' 
^eteribed direction (perbapa owing to the aflLoity of tbo hjdrochloric acid for the eioeaa 
ol nia), bnt vith ■ atrmg aolntkm of hTdroehlono uld il takea the opf»«i(« diiKlkni 
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Tbe reraUiog prodoel of ifiehilep>ii» or dUMcfe qf m$fngm^ NCH^ 
d w eof e red b j DuIod^ is a Uqald hftvii^ tlia p t o per tj o( deoomponng 
with exoeedTe «Me noi only ^boo hotttad, bot efon uider tlie aotioa 
of mfiT^'^^<^ inflneooe^ m bj a bk>w or bj coatoet with oertAin flolid 
gnbatftDoet. The explodoa whidi aoeompaiuesthe deoo mp o Bti o n is daa 
to the fMt that the liquid chloride of nitrogen giree geeeoni prodoctSy 
Ditrogen and chlorine." ^ 

^lotebly bj TirtiM of the aflbutj of h/Sioebloiie add for Mnimmto). IlMrafon Vbm% 
mvil tiift a Twy intToating «m« of oqoQibriam be t w m Mnmonia, hjdnMlilorie Mi^ 
flhloriaa, vatar, aad cbWkto of nitrofaB which haa doI jal baan inTaatigalad. Tkm le* 
aolioB NClg-i'iBClaNH^Cl-i'SClf anablad DaviDa aod Hanlafaaina to dalarwina tha 
eonpoaitioo of ohlorida of nitiogan. Whan alovlj daconpoaad bj watar, chlocida of 
oitrogaD giraa, lika tf chloranhTdfida^ nitroaa add or ita anhjdr&da^ tlfCli^SBflO 
-NflOt-i>eHCL FroiB ihaaa obaarratiom it ia avidant that chkrida of nitweao graaanti 
great chamical ialareat, which ia atrangthanad bj ita analogy with trichlorida of phoa- 
phoma. Tha raaaarohaa of F. F. Saliranoff (1891-^4) prora that NCIg maj ba lagmidad 
aa ao ammoniain dariTatira of hypochlorooa add. Chloridaof nitwganiadaoo mp oaadbf 
dilota •olphnric add in tha following mannar: NCls-»- SHfO-t- Ha804*NH«H80«-t- SHCIO. 
Thia raactioB ia raranibla and ia onlj oompleta whan aoma anbatanna, oomWning with 
HCIO (for instanea, anooinimida) or daoompoaing it» ia addad to tha liqoid. This It 
aaaflj ondaratood from tha fact that hypodalorooa add itaelf, HCIO, may, aeootdhig le 
tha Tiaw bald in thia book, ba lagardad aa tha pcodnot of tha matalapaia of watar, aad 
aoptaqoantly baan tha aama relation to NCIj aa HfO doaa to NHsi <« •• 'KBO to 
RKH«, RjNH, and R^N— that ia to aay, NClf oorraapooda aa an ammonlnm dariraliva to 
ClOH and Cl^ in exactly tha aama mannar aa NB9 oorraapooda to ROH and Bfi The 
eonnaction of NClf and other aimilar axplodTa ehloro-nitrogen convovBda (oaUad 
ahloryl compoonda by Seliranof! ; for ezampla, the CtH^Clf of Worts ia chlocyl alhyl- 
amine), aoch aa NRC1« (aa NCACl,), and NR,C1 (for inatanoe, N(CH«C0)HC1, eUoryl- 
aoetamida, and N(C,H»)^ chloryl diethylamine) with HaO U aridant from tha faol 
that under certain circamatancea theaa compoonda giTO hypochlorooa add, with watar, for 
hiatanca, KR9CU H^O-NRsH-t-HaO, and fraqoenUy act (lika NCljand HaO, or Cl«) 
in an oxidiaing and chloridiaing mannar. Wa may take chloryl aocdnimide, C«H«(CO)tNCl 
for example. It waa obtained by Bandar by the action of HCIO opoo aoooiwimida, 
CiH«(C0)9NH, and ia decomposed by watar with tha re-formation of amide and HdO 
(tha reaction is rerersible). Seliranoff obtained, inraatigated, and claaaiiied many of 
the oompoonds NR^Cl and NRCI9, where R is a reaidoa of organic acids or jdoohola, and 
ahowed their distinction from the chloranhydridea, and thoa sopplemented tha hiatory of 
diloride of nitrogen, which is the simplest of tha amides containing chlorine ^Rg, whara 
B ia folly aobatitoted by chlorine. 

I* »!• In preparing NClf erery precaotion moat be oaed to goard againat an explodon» 
and care shoold' be taken that the NGI3 remains onder a layer of water. WhanoTar an 
ammoniacal sabstanoe oomea into contact with chlorine groat care moat be takan» 
bacaoM it may be a case of the formation of soch products and a rery dangerooa exploaioa 
may ensoe. The liquid product of the metalepds of ammonia may be most safely pra< 
pared in the form of small dropa by the,action of a galranic onrrent on a slightly warm 
aolotion of sal-ammnniao ; chlorine is then erolred at the positive pole, and this ohlorina 
acting on the ammonia gradually forms tbe prodoct of moUdepsis which floata on tha 
aorface of the liqoid (being carried op by the gas), and if a layer of torpentiBa bo 
poorod on to it theae small drops, on coming into contact with the tur|>entiQe, give fteblo 
•xplosions, which are in no way dangerooa owing to the small mass of the sobatanoo 
lormad. Dropa of ohlorida of nitrogen may with great caution be ooUeotad for 
ioTeatigation in the following manner. The naok of a funnel ia immersed in a basin 000^ 
ttjahigmarooxy, and first eaatoiaUdaolatiQi^ qf ocmmoii lalt ia poorod into tho fvUMl* 
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Cfhlorido of nitrogen Is a yellow oily liquid of «p. gr. I '65, which 
boili Bt 71°, and breaks op into N + CI, at 67°. The contact ot 
phosphorus, turpentine, india-rubber, dee. ctuses an explosion, which 
b sometimes, so violent thnt a small drop will pierce through a thick 
board. The great ease with which chloride of nitfogen decomposes u 
dependent upon the fact that it is formed with ao absorption of heat, 
which it evolves when decoinpoeed, to the amount of about 38.000 heat 
units for NClj, as Deville and Uantefeuille determined. 

Chlorine, when absorbed bj a solution of canstio soda (and abo ot 
other alkalis) at the ordinary temperature, causes the replacement of 
the hydn^n in the caustic soda by the chlorine, with the forroation 
of sodium chloride by the bydrocblorio acid, so that the reaotioa 
may be represented in two phases, as described above. In this 
manner, sodium hypochlorite, NaClO, and sodium chloride are simul- 
taneously foi-med : SNaHO + «, = NaCl + NaClO + H,0. Tha 
resultant solution contains K&CIO and is termed ' eau de Javelle. An 
exactly similar reaction takes place when chlorine U passed over dry 
hydrate of lime at the ordinary temperature i 2Ca(H0), -f- 2CI| 
= CaCI,0, -t- CaOli + 2HgO. A mixture of the product of metalepst* 
with calcium chloride is obtained. This mixture is employed in practice 
on a largo scale, and U termed ' bleaching powder, owing to its acting, 
especially when mixed with acids, oa a bleaching agent on tissues, so 
that it resembles chlorine in this respeci. It is however preferable 
to chlorine, because the destructive action of the chlorine can be 
moderated in this case, and because it is much more convenient to deal 
with a Bolid substance than with gaseous chlorine. Bleaching powder 
is also called cMoriiU of limet because it is obtained from chlorina 
•nd hydrate of lime, and cont^ns*" botl) these substances. It 



n QnlcUime,CaOioro»lciiuDEUb<uj4ie,CaCOjt,doe> not nbsoA ohloriDS wban egldi 
liBt at a t»d hHt, Id k ounent of chlarine, it lorma cftlciom shlnrido, with Iha aTiilBligB 
ofoijgvn. (Tlut"u»>°f<™>*^i>'lB''BbyVBlli,BtOilDtd.J This iwotloB oom^aadi 
witb the docompoiing action ot chlonDa od mettiui, unmnnis, aad wUo^ Slabd IkM 
(Mkium hjdnnide. CiiJI,0,) alto, iihan dry, doai not (bnrb chlDiine at 100°. Tha 
abwrption procee^ft at tb« ordinarj tempeimClm (b«lo« 40°). Tha irj nuia thu ob. 
biaed contuai not leii tiiut time Hiuiraluita ol ealdnm hydraiidB ta four aqnivalauM 
ol dJoiioe. so that Iti coopoiition i> [Cb{H0|i]}C1,, ts all probability a limplo aburp- 
UoB ol chlorine bj tbs Ume at fiiit takes place in Itiii ea«. aa may be aaea Irom kba lad 
Ihat even carbonic aohjdiide, when aeting on th^dfyiBMaablawedMahon^dlqeafafa* 
all the chlorins Irotn it, laaving only ealcinm caibonate. Bat it the Mwnhlng powdsi b* 
obUined by a wel method, oi il it be diiaolied in water (in which <l k VMT •olnhla), sad 
tarbonlo anhydride be paaaedinio it. then chlotine la DO laDgacdlMBgiig«d,bot dinfaw 
(side, C1,0, and only half ol the chlocine ii convuted into thia oiids, while the Other halt 
nanaint In the liquid a* calcium chloride. From tbii il Diay be Infemd that oaMom 
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n»j be prepared in the Ikborfttor; by pMung » ofirrent of cblorin* 
throngti A cold mixture of vkter and liiAe (milk of lime). Hie miztni* 
must be kept oold, aa otberwue SC^CIO), pusei into 3CftC9, 
+ Ca(ClOj),. Id the mknufMtnre of UeMhing powder in luge 
- q<untitiea at chemioal worka, the pureat possible alaked lime is taken 
and Uid in a thin Uyer in large Sat chamben, M (whoee waUa are 
made o( Yorkshire flags or tarred wood, on which chlorine hu no 
action), and into which chlorine gas is introduced by lead tubea. Hm 
distribution of the plant is shown in the annexed drawing (fig. 67), 




The products of the meUIepsU of alkaline hydratoi, NaCIO and 
C*(dO)n which are present in solntions of 'Javelle salt 'and bleaching 

■hlorida ii (oRnsd bf th« ulioa ol nUr on bIa4chiBg poirdet, ud (b 

tbt out b]r tha Itct Uul uull qtuolitlai ol wmtsr aitnct •■ aoatidenbl* u 

ealdnm ehlorida Irani blaiuibinK posdw. It * Uige qouititj of nter k 

povdar im aiOMt of c^inm hjdroxida nnuiDi, a portiaa of *hicfa i* m 

ohuig*. Tha ution of Uit wKtar mk) b» •iprcHed b) tha lolloiring lona 

di7 mui C>i(IIO)^ thaia ii fomwd liou. Cit(HO)t, aloinm cblorida, CtC]^, ud a 

Mlina aBb■UllO^ C*(C10>|. CaAOiCl, - CaH,Oi 4^ CaCl,0, + CkCl, -f 1H|0. Tlw ra- 

■nllini ■nbaluwaa a» not aqntllj acJaUa ; ntai finl aitnola tha uldnni ahkitid^ 

whiah i> (ha moat tolnbla, tbas lb* oomponsd C*(CIO)i uid nltinutalj oiddtun hrdmida 

lalatk A niitan of eklohuB chloiida *i>d hTpoohlorrle puaea Into iolDiion. Ctoar^f- 

ration than iwoklu C*]0,Clj8H|0. Tha dij blaaohlng powdar doat not afaaorb Don 

afalorJDa, bnt tha aolnUon !• kbl* lo ftbaorb it Ln eai;iid«>bU quntilj. If Ih* Hqvid hs 

bollad, a conaidaimbU *monnt oT obJonna mononda la avotTad. Aftar thia aaUoB 



CftCt,'t-CftCliO| + >Ct,>tCaCl,-f SOlgO. Chlorina monoiida maj ba pnpand ia (bk 

It la xnutinM* i»ld thai blauhing poirdw conUina a labaUnii*, Ca(OH),Cl« thai la 
ealdniB paroiida, CaOd in vhioh on* atom of oiTgan ianpUoad by (OH)i,ud fkaiithn 
bj Cli; boti jodfing Inm what baa baao aaid kbovai thia oaa onlr b« tha aaa in tbadrj 
ilata, aad not in tolnUoaa. 

On b«[n| kapt tor mow tima^ hlMchijig powdar aomattioM daeompoaat, with Uh 
•mlnllonol ofrtan (bwiana* CaCliO|-C*Cl| + Ot, *M p. lU); ILa' UOM lahaa plaoa 
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powder (they are not obtained free from metatSa chlorides), most bo 
counted as salt«, becanse their metals are capable of substitution. Bat 
tlic lifdrate HCiO corresponding with those salt^, or hypoddoraui 
acid, is not obtained in a fre« or pure state, for t«o reasons : in the 
first place, because this hydrate, as a. reiy feeble acid, splits vp (like 
H,COj or HNO3) into water and the anhydride, or ddorint monoxide. 
CljO = 2HCI0 - HjO ; and, in the second place, because, in a number 
of inatftoccs, it evolves oxygen with great facility, forming bydrochlorio 
acid : HCIO = HCl + 0. Both bypochloroas acid and chlorino 
monoxide may be regarded as products of the metalcpsis of water, 
auae HOH corresponds with CiOH and ClOCl. Hence in many 
instances bleaching salts (a mixture of hypochlorit«8 and chlorides) 
break up, with the evolution of (I) chhrina, under (he action of an 
excess of a powerful acid capable of evolving hydrochloric acid from 
sodium or calcium chlorides, and this takes place most sinipty under 
Ihe action of hydrochloric acid itself, because (p. i62) NaCI J- NoaO 
+ 3Ha = 2NaCl + HCl + Clj + H,0 j (2) ox^g^n, o-n we saw in 
Chapter IIL — The bleaching properties and, in^-DeraX, oxidmngaction 
of bleaching salts is based on this evolution of oxygen (or chlorine) ; 
oxygen is also disengaged on heating the dry salta— for instance, 
NaCl + NftCIO = 2NaCI + ; (3) and, lastly, cMorine monoxide, 
which oontaiiut both chlorine and oxygen. Thus, if a little sulphuric, 
nitric, or similar acid (not enough to liberate hydrochloric acid 
from the CaCl,) be added to a solution of a bleaching salt (which 
has kn alkaline reiactioD, owing either Ut an excess of alkali or 
to the feeble acid properties of HCIO), then the hypocblorous acid set 
free gives water and chlorine monoxide. If carbonic anhydride (or 
boracic or a similar very feeble acid) act on the solution of a bleaching 
salt, then hydrochloric acid is not evolved from the sodium or calciam 
chlorides, but the hypocblorous acid is displaced and gives chlorine 
monoxide,'* because bypochlorous acid is one of the most feeble acids. 
Another method for the preparation of chlorine monoxide is based 
on these, feeble acid properties of hypocblorous acid. Zinc oxide and 
mercury oxide, under the action of chlorine in the presence of water, 
do not give a salt of hypocblorous acid, bat form a chloride and 
hypochloraua add, which fact shows the incapacity of this acid to 

^ Foilhii ruaoD Ilia n«cea>U7 that in ttwprepAiMianof Udkchioff powder ih«ch]oL-iua 
ihoaLd bfl fcM fEom hydroclilahc Acid, uid CTflu the liino (fqid calcium dilotidfl. A.a 
•IMO of chloriD*, ID Mtinc on % •olaLioD ol Uonching pmdei, m^y ilao eitb ebJonaa 
iTHifriiilt^ bMaai* s^oiam oiboiule aln pv«i cblohoa nuaoiido UDd^r Uu> aclvti al 
dhlonii^ This mctioD nuj ba brooghb kboat b7 Innkiiig Iruhly precipitihttd uIojniD 
Mrtcio*towith>iBeuao«cli]oni)eiBnWi: «CL,->C*CO(-CO,4-CiiCl,-tCL,0. Pron 
Un m BUj ooodBdc thai, tlUuugL (uboniii HbjdMda diapluu bjimhlenjiu aubf 
dride, it wt/n be ItMll diiplusd by tu unwu ol U» UlUr. 
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combine with the bases mentioned. Therefore, if snch oxides as those of 
zinc or mercury be shaken up in water, and chlorine be passed through 
the turbid liquid,'* a reaction occurs which may be expressed in the 
following manner • 2HgO + 2C1, s Hg,001, + C1,0. In this case, a 
compound of mercury oxide with mercury chloride^ or the so«called 
mercury oxychloride, is obtained : Hg,0C1| &= HgO + HgCIf This is 
insoluble in water, and is not affected by hypochlorous anhydride, so 
that the solution will contain hypochlorous acid only, but the greater 
part of it splits up into the anhydride and water.'* ^ 

Chlorine monoxide, which corresponds to bleaching and hypo- 
chlorous salts, containing as it does the two elements oxygen and 
chlorine, forms a characteristic example of a compound of elements 
which, in the majority of cases, act chemicaUy in an analogous manner. 
Chlorine monoxide, as prepared from an aqueous solution by the 
abstraction of water or by the action of dry chlorine on cold mercury 
oxide, is, at the ordinary temperature, a gas or vapour which con- 
denses into a red liquid boiling at -«- 20^ and giving a vapour whose 
density (43 referred to hydrogen) shows that 2 vols, of chlorine and 
1 vol. of oxygen give 2 vols, of chlorine monoxide. In an anhydrous 
form the gas or liquid easily explodes, splitting up into chlorine and 
oxygen. This explosiveness is determined by the fact that heat is 
evolved in the decomposition to the amount of about 15,000 heat units 
for CltO.** The explosion may even take place spontaneously, and also 

^ Dry rod mArcory oxide acts on chlorine, forming dry hypochloroiM anhydrid* 
(chlorine monoxide) (B«lArd) ; when mixed with water, red mercury oxide acta feebly on 
chlorine, and when freahly precipitated it erolves oxygen and chlorine. An oxide <d 
mercury which easily and abandantly evolree chlorine monoxide under the action of 
'ofakniae in the pretence of water may be prepared aa follows : the oxide of mercniy, 
IpMdphated from a mercuric salt by an alkali, is heated to 800^ and cooled (Peloue). If 
,a salt, MClO, be added to a eolation of mercaric salt, HgXs, mercuric oxide it liberated, 
!becaiise the hypochlorite is decomposed. 

O^** A solution of hypochlorous anhydride is also obtained by the action of chloriiM 
on many salts ; for example, in tl\.e action of chlorine on a solution of sodium sulphate 
the following reaction takes place : Na«S04 -f H^O •«- CI) « NaCl + HCIO -l- NaH80«. Heiv 
.'the hypochlorous acid is formed, together witii HCl, at the expense of chlorine and 
•water, for CI* + H,0 - HCl * HCIO. If the orystallo-hydrate of chlorine be mixed with 
mercury oxide, the hydrochloric acid formed in the reaction gives mercury chloride, 
and hypochlorous acid remains in solution. A dilute solution of hypochlorous add 
or chlorine monoxide may be concentrated hj distillation, and if a substance which 
takes up water (without destroying the add)— for instance, calcium nitrate— be added 
to the stronger solution, then Uie anhydride of hypochlorQus acid— 1.#. chlorine non- 
•oxide— is disengaged. 

o All explosive substances are of this kind— osone, hydrogen peroxide, chloride of 
nitiogen, nitro-compoundi, &e. Hence they cannot be formed directly from the elements 
or their simplest compounds, but, on the contrary, decompose into them. In a liquid 
•tate chlorine monoxide explodes even on contact with powdery substances, or when 
rapidly agitated— for instance, if a Ale be rasped orer the ▼••■el in which it ie contained. 
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In the presence of ouiny oxidisftble Eubstancea (for instance, lulpbur, 
organic compounds, &.f..), but the solution, although nnstable and 
showing a strong oxidiaiug tendency, does not explode.** It ia evident 
thai the presence of hypochlorous acid, HCiO, may be assumed in an 
aqueous solution of CljO, since Cl,0 + H,0 = 2HC10. 

Uypochlorous acid, its ealts, and chlorine monoxide serve »a a. 
transition between hydrochloric acid, chlorides, and chlorine, and a 
whole series of componnds containing the same elements combined 
with a still greater quantity of oxygen. The higher oxides of chlorine, 
as their origin indicates, are closely connected with hypochlorous aoid 
and its salts 

Cl„ NaCl, HCl, 

01,0, NaClO, HCIO, 

C1,0„ NaClO,, HCIO,, 

C1,0„ NaClOj, HCIO,, 



C!,0„ NaClO,, Hao„ 



hydrochloric acid, 
hypochloroos acid 
chlorous acid.'* 
chloric acid, 
perchloric acid. 



When heated, solutions of hypochlorites undergo a remarkable 
change. Themselves go unstable, they, without any further addition, 
yield two fresh salts vrhich are both much more stable ; one contains 
more oxygen than MClO, the other contains none at all. 



3MC10 = 

hjpoohlDriUi 



2MCI 






ilntioa of chloriDs inoiioiide, m bypocUonni ijai, doaa nol eiplods, owing to 
ii:e of the mus o( ntei. In diMoIvipg, gUnrliw monoiids btoItu iboBt ft.DOO 
iu ato» of he*t bacooui lefls. 

hfpocMonnu uid (Btudied bf Ciriiu ud othan] for aoteriog into cenb 
buikbioa tvitb tbo iuu*tarftLed hTdrooArboni ii very often taken cJtuiIa^ of in orguio 
chemirtrj. Ihaa it> ulDtion abutba el>i;leiie, forming the chlorhydrin CgE.ClOH. 

Tbe oiidiiing action of hTpochloroiu uldud it« a^Uia not calf applied to bleocUnf 
bnl alio to Bnaj renclioBg of oidntion. Thni il coDrerta tbo loner niidei of truioguiew 
(bId the iKKiiide. 

" CttlonniM acid, BClOg (uKording k> the dUa given bj UiUoa, Brudaa, Mid 
othare) in Diuf.reipocte nsKmblei hyiKKhlorose aoid. HCIO, whilat Iher botli difler from 
ohlono and perchlorio aoida in (heir degree of aUbilitT. iblsh ie eipreaeed, for ionhuuw. 
In their Ueaohinir propertiei ; the two higlier acida do oob bleach, bat botli tho lower 
on« do 10 (oiidiaa at the ordinary lampsntore). On the other hand, oUoroni aoid ia 
tBalogODa Id oitioai aoid, HtJOi The anhydride of ohlorona aoid. CliOi, ia not known 
in a pure ttate. bat i[ probably o«nn In admiitni-e with cbtarino diooda, ClOg, which it 
obt&tned by the action of nitric and anlpharic acida on a miitnre ol potaiaiuia ebtomla 
with lucb roduoing eubatutooa u nitric Olidv. aneniona oiide, tugar. &c. All th*l li tA 
preMnl koomi ia tblt pnre chlorine diclide CIO] (>ra Nolei US-4B) ia gradnall j conTerled 
into a miitareof bypochloroui and ehloioui acida under the action of water (and alkalia); 
that if, it acta liko nitric peroiide. NO, (giving HNOj and RNO,). or aa a iniitd anhy- 
dride, UC10, + a,O^HC10,->HCI0]. The tilrei call, .^gC10„ ii aparingty aolnble in 
~ ' ' IS of GanaraUi-Thuraliekb and othera H«m to (how that tha 

MhycMde ClgO, doea not eiial iu b free lUIe. 
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Ptart of the nit — name) j, two-thMs of it— parts with Ht oxygen f» 
order to oxidise the remaining third* Froo an intermediale s«b- 
ftance, RX, two extreim», R and RX3 are formed, just as tntrove 
anhydride splits up into nitric oxide and nitric anhydride (or niirfo 
acid). Tho resniting salt, MClOs, eorresponds with ehlorie acid and 
potassinra chlorate^ KCIO^. It is evident thai a similar salt may be 
obtained directly by the action of chlorine on an alkali if ita serfo- 
tion be heated, becanse RCIO will be first formed, and then RGO^ } 
for example, 6KH0 + 3C1, « KCIO, + 5KC1 + 3H,0. CUorates 
are so prepared ; for instance, pUagtium Morate, which is easily 
separated from potassium chloride, being sparingly soluUe in eoM 
water.*^ 

s* Hydrochloric Mid, whkh U mi exMDple of oompooadt of thk kind, i% a Mtn- 
rated tabsUnce which doM not eombine diraeUy with oxygen, bot in which, neYeriheleea, 
ft ooneiderable qmuitity of oxygen may be iuaerted between the elements fonning ii. 
The lame may be obeenred in a number of other ceeei. Hina oxygen may be added 
or inserted between the elementt, sometimes in considerable qoantities, in the saturated 
hy diDsarfaoBa ; for instance, in CsH«, three atoms of oxygen prodaoe an alcohol, glyceria 
or glyeerol, CsHs(OH)}. We shall meet with similar examples hereafter. This is 
generally explained by regarding oxygen as a bivalent element— that is, as capable of 
ooabiaing with two different elements, snch as tshlorine, hydrogen, Ac. On the basis ol 
this riew, it may be inserted between each pair of combined elements ; the osygea will 
then be combined trith one of the elements by one of its affinities and with Uie other 
element by its other affinity. This riew does not, howsTer, express the entire tmth 
of the matter, eren when ispptied to the oompoands of chlorine, Hypochlorons acid, 
HOCl— that is, hydrochloric acid in which one atom of oxygen is inserted— is, as we hava 
already seen, a snbstance of small stability ; it might therefore be expected that on the 
addition of a fresh quantity of oxygen, a still less stable substance would be obtained, 
because, according to the above view, the chlorine and hydrogen, which form soeh a 
stable compound together, are then still further removed from each other. But it appears 
that chloric and perchloric acid, HClOj and HCIO4, are much more stable ^substanoea. 
Farthsrmore, the addition of oxygen has also its limit, it can only be added to a eertaio 
extent. If the above representation were true and not merely hypothetical, thero 
would be no limit to the combination of oxygen, and the more it entered into one continuooa 
ehain the more unstable would be the resultant compound. But not more than four 
atoms of oxygen can be added to hydrogen sulphide, nor to hydrochloric acid, nor lo 
hydrogen phosphide. This peculiarity must lie in the properties of oxygen itself; four 
atoms of oxygen seemjto have the power of forming a Idnd of radicle which retains two 
or several atoms of various other substances— for example, chlorine and hydrofsn, 
hydrogen and sulphur, sodium and manganese, phosphorus and metals, 8t^ forming 
oomparatively stable compounds, KaClO^, Nas804, NaMn04, Ka8P04, See, Set Chapter X. 
Note 1 and Chapter XV. 

^ If chlorine be passed through a eold solution of potash, a bleaching compound, 
potassinm chloride and hypochlorite, KCl + KCIO, is formed, but if it be paMod throng 
a hoi solution potassium chlorate is formed. As this is sparingly soluble in water, it 
chokes the gas-conducting tube, which should therefore be widened out at the end. 

Potassium chlorate is usoaQy obtained on a large scale from calcium chlorate, which 
is prepared by passing chlorine (as long as it is absorbed) into water containing lime, the 
mixture being kept warm. A mixture of calninm chlorate and chloride is thus f<mned 
in the solution. Potassium chloride is then added to the warm solution, and on cooling 
a precipitate of potassium chlorate is formed as a substance which is sparingly soluble lo 
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If dilate SDlphuric add be added to a solution of potassium chtorato, 
eUorie aeid is iiberat«d, but it cannot be scpaMted bj distilU- 
tion, as it ia decomposed ia the process. To obtain the free acid, 
■ulphuric acid must bo added to a solutiim of barium chlorate.'* The 
■ulpharic acid gives a precipiUte of barium sulphate, and free chloric 
fccid remains in solution. The Bolution may be evaporated under 
the receiver of an air-pump. Thia solution ia colourless, bos no 
smell, and acts as a powerful arid (it neutralises aodiuui hydroxide, 
decomposes sodium carbonate, gives hydrogen with liiic, Ac.) : when 
heated aljove 40°, however, it decomposes, forming chlorine, oxygen, 
and perchloric acid : 4HC10j = 2HC10, + H,0 + CI, + Oj. lu a 
concentrated condition the acid acts as an exceedingly energetic 
OKidiser, so that organic substance* brought into contact with it bursC 
into flame. Iodine, sulphurous acid, and similar oxidiaable substances 
fomi higher oxidation products and reduce the chloric acid to hydro- 
chloric acid. Hydrochloric acid gas gives chlorine with chloric acid 

»old WLter, cipHljiUy in tlu preHuce ot othar hIH. Tho double decompoaitioii Uliing 
fimca it Cft(C10,), + HKCI = CiCl, + aKCIO,. On * im til tule In Lbe Ubantarr potutinm 
chlormta i> beil prBpsrcd (ram > strong tolntion ot tiluulung powdvi by pusing chloHiu 
Ihroagh ib tad then adding potiuBiam rUonde. KCIOj ia alwayt (orined by tbe Ktian 
Ol as eleoirio camnt on a tolutioa o( RCl, capeeiallj at S0° (HilUHannann aail Kaacbold. 
lest), to that tbii method ia now DKd on a large acale. 

Potaaiiom clilorals crjatalUtea e*Mij bi luge colonrleM Ubular srjraUla. Ju aala- 
bOilT in 100 parti of watei at 0'-8 parts, W^S parts, ia°-I< t«rt«, B0°-11I parta, 
•0° ° to paiia. For compariiioD wa will cila tbe following Sgnna allowing Uio •olnbililj' 
elpoliuwgni chloride and pcrchl ante in 100 parta of valvi: potaaiiom chloride at 0°s3S 
(ula. Vy-iS porta, <0°^40 [nrta, 100'^ ST parti; psU«iuDi panibtorata atO°aboDt 
Lpart, 10° abnot 1] part, lOO^about IB parta. When heated, poUsiimn dilorale melM 
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b^ Camellojr, 1150°) and d«iORi|KMei with Ibt 
being at fint (onoed. aa will afti-twiirds I 
polonium cblorolo ond uitrlc asd hydrochlo 
in aotntioni. It deflacratea when thrown i 
■ilh lolpfinr H by weighlt it igniU™ 
lokel place. The ume ODCt 



yi-llon praiiiate of potash 






ondncent carbon, and wbea n 




■oil. M 
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Bodinm chlorida, &c. Tbe buiom ealtis alaa 
narsBOloble tbuilhepiituiiamsilli O^^U parti. W-ST parti, eO°-W puU of aall 

» Barium cblorats, Ba|C10i)„H,0. ii prepored in the following way : impnre chlnria 
Add ia flrat prepared and aatnnted with baryta, and tfaa barinni mU pariHed by eryiloU 
UaatioD, Tbe impure free chloric acid ia obtained by converting the poCaiiiam in pota*. 
■tnm chlonte into on iniolublo aalt. Thii ii done by addiog torUric or bjdroHuoiilicili 
ition of potasiiora chloralc, becauso potoHinm tartrate and polasalam ailico- 
dttoiido oro very iparingty aolnble in water, Cliloric add li niily aolnble in water. 
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ftin4 ^>irM^twm«77 ^th KCIO^ «In) iicting in the sae iiuuiMi n ft 
«i!tji ^^ fh^i }/v9er vrul* : HQO, H- 5Ha s SH^O -f- 30,. 

f(7 'VMtioiMly 4i;tui^ 4a ^ttmJnm Manm with wlphnrrc la 
^f^/^-/U ffMryn/i peryxi^l^), CIO 2,* is obesined (Dwvj, Millaii^ Tins 
Ml 'tMily lif^n^AM in m fmmnff muctnre, aad boils at -h I<1°. 
v]|p^>»ir /<#mjnty ^^vhout .1-5 if H s 1) iliowa that the mnlerala of xbm 
mbttATuy^ ui ClO)^*^ In * pjmoam nit liquid state it reiy easily (rrplming 
(f^ iAfiUrwy^, ^ ^>-'', or Ky contact with organic campoinidB or ineij 
^{▼VM 9>bsUiv*>^ AcX ferming CI sad O^ and in many insttBieB ^ 
tlMr^for^ it sets m sn oxidLdng sweaty although (like nicrie penaddB) 
it may its^f b^ f'lrthor oxidised.^* In diieolying in water or wSkaim 
tftiXfM^ yitf/K.\^^ sp^v^ ehlofoos sad hypodilorons odds — 2C10,-h 3KHO 
m ICCIO4 ^ KC10, ^ H/l— and therefore, like nitnc pcraziii^ 
the di^Mride may he ngueded as sn interxnediate oxide iMii wee n tfa* 
(enknown) anhydrides of ehlorou sad chloric odds : 4C10, = CI,0^ 

-► Cl/V* 

As the salts of chloric scidy HCIO^ are prodnced by the ■pKfeHng 

•^ of th^ salts of hypodkloroos acid, 10 in the same way die sslti «f 



^ T/> pf*^w C\Oj IM tcnmm ti4 flolpbark add an cooled in a Buztim ol im mA 
mU^ mkI U tKfMtM fA pfmAMtA poteMinm ahlorato am gradvAUj Afddod lo Um add, whkk 
la thtfm t'Ar'rfiiDy /li«»,i!WI al iff' to M^, tli« vapoor gircn off baiag ccndenaed in m 
ffUMiag: mictnrA. p/>t4iMiiim p«rchlorat« ia than formed: ^EClOsf-lHySO^siEHSO^ 
4 XCk'>» f ^;V>j > f f/>. Tha rMAtMn may raaalt in an azploaion. CalTcrt and Daric* 
Hk^mnntA Ahkyria ytaoxAti withoot tha Leaat dAagmr by hfeafting a miztoxa of oxaUo 
•al4 and prA^minm 4hlAratA m a tMt \nhn in a wftter-bath. In thia caae 3KC10^ 
♦ KVf/^^af f/i * dr;,HK04 > arX),-*- 2C10j •»• (iH/j. The reaction u tiiU fnrther Cacili. 
Mad hy tha ftdHiii//n of * imall iQ*ntity ol nilpharic add. li a tolntion of HQ acta 
•fon XC1^>f at Iha ordtnary tamparatnra, a miztara of CI, and ClOi ia formed, bat if tba 
iMoparalofa ha rai«Ml to ftff* the greater part of the ClO^ decompoaea, and whan paeie^ 
Ihfmigh a hfA •<'<lati'>n rA MnClf it osidiiaa it Gooeh and Krei«]er propoaed (IdM) to 
Smploy thin roath/id Itn prepwiDif onall qoantitiaa of chloiixM in the Uboratory. 

^' fly anal/>itf with nitrio paroouda it might be expected that at low temperatoras « 
doubling fA th^ moUwala into CI1O4 woold take place, a« the reaciiona of CIO) point to 
ita balng a mlx^l anhyflrida of HC10« and HClOv 

*' <;wing t/r the formation of tliia chlorine dioxide, a mixture of potaaunm fhlnrata 
and •rigir ia igniU/l by a drop of ralphanc acid. Thia property was formerly made 
•m tA lor making mat':haa, and ia wjw eometimea employed for setting fire to explodTa 
rli«rgft« tfy mt*^n^ ni an arrangement in which the acid is caused to fall on the roixtnra 
at tlia m/mifnt r«qtiir«id. An inUirrsting experiment on the combostiixi of phoaphonia 
uiifl*r wat«T may \tm v/oAvur^l with chlorine dioxide. Piecea of phoq>b<nrQa and of 
pftiaMinm (hWirate ara plareil ander water, and aolphuric acid ia poured on to them 
(tlirriogh a |/»ng funnel) : the pho«|»bonM than boma at the expense of the chlorine 

difMi'In. 

" I*ota««ium permanganat'' oxidises chlorine dioxide into chloric acid (Fiirat). 

*^ Tilt purhlorinn obtaiDMl by Dary by gently heating potaasinm chlorate with hydco- 
rhlf>ri<- afi'l is lVm\tn-\) a mixture of chlorine dioxide and free chlorine^ The liquid and 
gasMius rh|/>rini> (HmU (Note 86). which Millon oonsidered to be CljOg, probably containa 
a miifiira tA CK^j (vapovr danaity 86), Cl«Of (whose rapour density should be 69), and 
thlnrtaa (fapoot danaity 88*6), tiaea ita rapoor danaity waa datanainad to be about 40. 
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iHo acid, HCIO,, are produced from the salta at chloric acid, 
HClOj. Butthisisfhohighestfonnol theoiidtttionofHCl. Perehlorit 
acid, EClO,, is the most stable of all the acids of chlorine. When 
fused potassium chlorate begins to s^rell up and solidify, ftfter having 
part«d with one-third of its oxygen, potassium chloride and potassium 
perchlorate have been formed according to the equation £KCIOg 
=KaO. + KCl + Oa- 

The formation of this salt is easily obsei'ved in the preparation 
t>f oxygen from potasaium chlorate, owing to the fact that the potas- 
uum percblorate fuses with greater diihculty than the chlorate, and 
therefore appears in the molten salt as solid grains [see Chapter I^. 
Note 12). Under the action of certain acids — for instance, sulphuric 
uid nitric — pottusium chlorate also gi'.es potassium perchlorate. This 
latter may be easily purified, because it is but sparingly soluble in water, 
although all tbe other salts of perchloric acid are very soluble and even 
deliquesce in the air. The perchlorates, although they contain more 
oxygen than the chlorates, are decomposed with greater difficulty, and 
even when thrown on ignited charcoal give a much feebler deflagratioD 
than the chlorates. Sulphuric acid (at a temperature not below 100°) 
evolves volatile and to a certain extent stable perchloric acid from 
potassium perchlorate. Neither sulphuric nor any other acid will 
further decompoeo perchloric ncid as it decomposes chloric add. Of 
all the acids of chlorine, perchloric acid alone can be distilled." Tbe 
pare hydrate HCIO, *^ is a colourl^ and exceedingly caustic substance 

■• If ft lolutioa ol cUoTiOMld, EClOi, bs flm ooncentrnted oier inlpbimD «id nniler 
the receiver of ui «lr-puinp uid ftftorr^LrdB djalilled, chtDriDa And cijgea nrti evolved 
ud pcrcUoHcuidiBlonned: (BCIOi-^9EC10,>C1, + SO<- U-.O. Rescoe loiotdinglT 
deoomponed dirocU]' ■ »1ntioii -oI potoBsiiun chlouLe b^ h^drcfluaulicio uid, deculed 
it CrDUi the piBcipit&ts nt poIuiiDm ailicaflnoride, KiSiFi, concootnted tbe golotion o( 
cUoiic acid, sad Uien distilled It, pecchloiio uid being Uien obtuned (■« foUoviiig toot- 
sale). TliBl chlorio (cid ii upnbls o[ pnHiing into percMoric uid it du Hen [rem tha 
fut tbil potaoluia pennuiguiite i> decolorised, aJthoDgh alovl;, b; the ution of k 
Bolutios of chlohe uad. On desompoaing a Hlaliou a[ potnasiam chlortts bj Uie union 
of en elsctris current, potugium perchlorate li abtuned it the poutive electrode (when 
the oijgen ii evolved). Perchloric uidieaJnlonoedhj tbe acUoaofui electric oorrent 
oo eolotions of chlorine fend cUonne mOJioKide. Pflrchlorio ifid vkb «bt&ined bj Count 
etedioD and ftnerwirdi by Seiuiks, imd <ru ilndied hj Roeooe uid olbera. 

u Peicbloric leid, abii^ it obtained in > free iitite bj the action ol aDl[ibnrio uid oa 
jte ulte, may be lepueled from t eolation very eully by distilhlioD. being volatile, 
•llhoDgh il ii peitielly decomposed by diatUletion. The solution obteinod nftel diitiUe- 
tion m«y be ooocentialed by cveponlion in open veaeels. In the distillation the solution 
(eachoa a leniperitnre ol SOD", und then a very constant liquid hydrate of the composi- 
tion HC10i,aHiO il obtained in the dittiUalo. U this hydrate be mixed with snlphorMj 
uH, it begins Id decompaM »t 1<I0°, but nevoitlieleia a portion of tbe acid pauet over 
into the rsociver without daoompoune, tormiBg a ojetallina hydrate HC10,,H,0 vrhicb 
aelta H »°. On carehiUy heating this hydrate it b™Jia np into perchlorio aeld, ubicli 
'bclDViIOa°, and into the liquid hydrate BC10.,SH]0. Tlie acid BGO( maj 
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vtvU-fi Umm fa Um air and bM • ipaciie f^wintf Vn 
U$$0% ulu^r Mttf^ luijpi tot 00016 Knf^ it deeoBpc 
pIfmU/tt f. littM i>Uftlm vMmUf when broD^hi isto 
f^p^if, wt/iMi, mttd dtfupr oryuiie •obtUneaB. If a 
WAinr U A^i/Wl W tbii bjdrftte^ «id It be coded, a 
iiiWfJI^O, miiM^rMtm out Tbk ie modi son efeibl^ brt 
9«H'*<^' H^'KV/Jf/> b eUllmof^eo. Tbeac 
ell |/f f/f//rti//r«», A/id iu eolttUone ere dieliiigiiiehed lor 






0iitt It*. >AfUiu*^i \,f lUUlUtg ttnti'ltmtih p*rtol i 

t^uluUf nimimiuu »«<^ •tit/jMiiififf Um crjflUli of th« fajdnte HC10«3^ 

^t, /I..I1IUU. L., « f>Mh lUitUlMtm* P«fehlorie aail, HCIO^ itadtf 

^4 /<M.'^i<.|^*iM.<f M< «l««()IUUmi ufiUl Um mor« fUU* fajdnto HCIO^H^ fa 

4«.'«^<'.|,MM.ii {«<o< IfriOf Mi4 IICI04,tlI/>, whldi UUar hjdnie dialib ' 

l^«4)Mi>M '1 lti« T/iiMii Ml NMiAlUrul •ittifipl* of thA iafloMiM of valcr on stilHElj, aai < 

llf. |/>'/p(-#ly «>f «t«P«>tiin t4 tlvliHI Mmtfiofljidi of lib* type CIXx, of winch «D 

itffh'.Um, t iH^hU), rUVOJI)!, M»4 CIO(OH)f, are nMrnbtn. PioUbly fntbv 

iK.MMt« will lf.*il I'l ilm ^»fl<Miviiry «ff ft liydraUf C)(OH)f. 

H^ Ai.««/»«lw«|f i«f IUmmwm IImi trpuftlflfl fTftirlty of perdilotie acid sl'TBt aad of 
|«,<|«Mi*. IM;i'^jr«Oii. ftlmu|i1«U4«(ftfr) I'tll; bMKW ft ooD«d«»Uo 
|jii«*. Im Hi*. tmu\i\umiUm itl tU'Ui^ Willi HfT). 

•' 'f|<f. <|i^<ii«i|/i»tiiiiiiit irf mIu ftiiftlnKouM in |)OtoMlutD chlorftte hftft been man ftdlj 
»iM<liMl lit fMi.fil ^MttiN liy J'iflillUiii iukI r. Prftfiklftnd. Profettor Potilitnn, by d»> 
#-ffff(|»'i«(i(|f, f''* «<t»i«i(il<i, liiiihiiii f-liliirnUi LK'IOf, found (from the qoftotitj of littrim 
t.U'ttU\H «ihI 'ffu-n) *l<«l> fti AfMi ill* (iMMftiifittilUm of the fiued mJI (8<MP) Ukee plaen 
•i.K.i'hMtf i<* Liii. i.«|iiilIi«.ii, MMriOf.'iMCl « Li(!104-f ftO, ftnd thftt towftzds the end 
§M4imiHttn/i whII U 4li<f«iin|i#«iMMl Uiim: fifii(!l()««4L4Cl't;LiCI04-l- lOO. The 
«fl(iii.» v«-<l I'r t''iiilii#i«i iililiKiitl liiiii III A<liiill Uuit liilitum perchlorftte U cftpftbl&of deoom- 
|i#i«ilit^ M(MiiiliNMiMiiikl)r Mrilit lUliiiiiM chl'imUi, with Uin fonnfttion of the Utter tftlt ftnd 
ii»fH»n , Mfi'l lltiM WHN MiitflniiiHt hjrdlrnrt «ii|Miriinent, which thowed thftt lithiofflchloTftte 
|« tiUMyN fMfiiiii'l III ilin tli*(i»iii|NHiiiu»ii of th« iwrohlorftte. Potilitsin drew 
ftiUfiiitiii Im Mm- UiL ihai llio i1i>iiitiii|Mriiltl<iti nf (MitftiiMium chlorftte ftnd of tftlts 
i«« II, niiJiiiMKli i.fi.ilii.iiiiiit (CliMpUr III., fintm I'J), luit only does not proceed span* 
i«f«i.iittHlyi liiit iu<|iiiiii« hiiiii ftii'l ft riMi of ti'iii|i«rftture in order to ftttftin completion^ 
•villi It MffHiit MiioMrN ilifti iliiiiiiiiifti «M|iiililirift ftrii iiot dctiirmined by the heftt effects of z<»> 
Hi lliiiiM iitiljr 

I' fiNtililHiHl Hhit J. iMiiKwnli (1NM7) iilM)Wnil that at UH'^ (in the vftponr of soli^or) 
II iiitaliifn til |h«Um«iiiiii i lilfUkin Mini |Mi«ir(l(<riHl kUnh in dtM.'OinpoBed ftlmost in ftooordftiyi^ 
with lliMiM|.t«il.Mi '.iKf'lO. Kilo, I K(M I ()„whiUttlMiHftltby itself evolves ftboQt half 
»« Miii'li oijrKiiii, III tun oiiUiuij Willi tiin iM|UftLitiii, HKC'10}»6KC104 + 8KCl-f 20). The 
ilii«« lilt |i<i«lLi< III of |HiiiutHiiiiii iHtinlilorsln In luliiiiiliirit with iiuuigftnese peroxide pro c eeda 
%i, f oiM|ilitll4tii, K<'l()«- Kf'l 1 1I().|. Hut III diKom|MiHiiifi by itHelf the Sftlt at first giToa 
IKitftMiiiiii iIiIoiaIii, M|iyrokiiiiAt«*ty iu<onliiiK Ut tho itiufttiow 7KCIO4 > 2KC10s + 6KCI 
t IIOj Tliiiv tlMirn u now no iluiiht tlmt when iKitamiiu in chlorftte is heftted, the per- 
ililoiiilii IM f'frini-<i, mid th*t thin Halt, in clrcumitoiiing with ovolation of oxygen, again 
HlvM lii» fornu'r Mill. 

Ill lb«i il«MMiniiKMiii44iti of barium hypoclilorite, CO per cent, of the whole ftmoont pftssai 
inUi ( hloi'ttt«i, ill tliii iUhm imposition uf strontium hypochlorite (Potilitsin, 1690) 12*6 pei 
r«hl , ajid of 1 alnuin hyitot^hlorite alwnt 3'( per cent. Besides which Potilitain showed 
iltat ihf di-f^otiiiiositiuii of Uie hy|iochlontea and also of the chlorates is always accom- 
panied by the formation of a certain qoftotity of ths ozidet and by the eTolation of 
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On oompuiog chlorine ai an element cot onljr with nitrogen and 
C&rboo bat with all the other non-metal lie elementg (chlorine has so littlo 
aualogj with the metals that a comparison with them would be Baper- 
fluous), we find in it the following fundamentAl pnpertiei oi i/m htUo^em 
or a«It-producer«. With metals chlorine gives salts (such as sodium 
flhloride, &C.) ; with hydrogen a very onergetio and monobasic add HCl, 
and the same qoantity ot chlorine ie able by metalep^ to replace the 
l^drogen ; with oxygen it forms unstable oxides of an acid character. 
These properties of chlorine are possessed by three other elements, 
bromine, iodine, and flaorine. They are members of one natural family. 
Each represenlatire has its peculiarities, its individual properties and 
points of distinction, in oombinstion and in the free state— otherwise they 
would not be independent elements ; but the repetition in all of them 
of the same chief characteristics of the family enables one more quickly 
to grasp all their various properties ajid to classify the elements thcm- 
■elves. 

In order to have a guiding thread in forming comparisons between 
the elements, attention must however be turned not only to their points 
of resemblance bat also to those uf their properties and charac 
which they differ most from eaoh other. And the atomic weights of 
the elements mustbooonaideredostheir most elementary property, si 
this is a quantity which is most firmly established, and must be taken 
ftccount of in all the reactions of the element. The halogens have the 
following atomic weights — 



All the properties, physical and chemical, of the elements and their 
oorresponding compounds must evidently be in a certain depeoden 




i88 t»RIKCIPLBS OF CHEMISTRY 

<m this (ondamental jxnnt, if the groaping inooa funflj be nfttoimL^'^ 
And we find in reality iht, tor intUnoe, the propertiee of bromine^ 
whose atomic weight is almost the mean between those oi iodine and 
chlorine, occupy a mean position between those of these two dementSL 
The second measurable property of the elements is their eqaivaknoe or 
their capacity for forming cotripounds qf d^nUe Jomu. Thne carbon 
or nitrogen in this respect differs widely from the halogens. Although 
the form 010^ corresponds with NO^ and C0|, yet the last is the 
highest oxide of carbon, whilst that of nitrogen is N^Ofl, and for chlorine^ 
if there were an anhydride of perchloric acid, its composition would 
be OltOyi which is quite different from that of carbon. In respect to 
the forms of their compounds the halogens, like all elements of one 
fiunily or group, are perfectly analogous to each other, as is seen from 
their hydrogen compounds : 

HF, HCl, HBr, HI. 

Their oxygen compounds exhibit a similar analogy. Only fluorine 
does not give any oxygen compounds. The iodine and bromine com* 
pounds corresponding with HClOj and HCIO4 are HBrO^ and HBr04, 
HIO3 and HIO4. On comparing the properties of these adds we 
can even predict that fluorine will not form any oxygen compound. 
For iodine is easily oxidised — for instance, by nitric acid — whilst 
chlorine is not directly oxidised. The oxygen acids of iodine are com* 
paratively more stable than thotte of chlorine ; and, generally speaking, 
the aflinity of iodine for oxygen is much greater than that of chlorine. 
Here also bromine occupies an intermediate position. In fluorine 
we may therefore expect a still smaller aflinity for oxygen than in 
chlorine — and up to now it has not been combined with oxygen. If any 
oxygen compounds of fluorine should be obtained, they will naturally be 
exceedingly unstable. The relation of these elements to hydrogen is the 
ireverse of the above. Fluorine has so great an affinity for hydrogen 
that it decomposes water at the ordinary temperature ; whilst iodine 

^ b>* See, for ex&mple the melting point of NaCl« NaBr, Nal in Chapter II. Note S7. 
According to F. Freyer and V. Meyer (1899), the followixig are the boiling points of mom 
of the corresponding compounds of chlorine and bromine : 

BCls 17° BBr, 90» 

SiCl, 59<» 8iBr4 168® 

PCls 76» PBfs 1760 

SbCls 2880 8bBi^ 2760 

BiCls 4470 BiBr, 458<> 

8nCl4 606<> 8nBr4 eiO^ 

ZnCIa 780<» ZnBr, 6C6<* 

That for all the more volatile compounds the replacement of chlorine by bromine 
raises the boUing point, but in the case of ZnX^ it lowers it (Chapter XV. Note 19). 
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liM 90 little ftffinity for hydrogen that hyrfriodic add, HI, U formed 
with difficulty, is easily decompo^, nnd acta as a reducing agent in 
& number of cases. 

Prom the form of their compoonds the halogeoa are univalent 
eltntents with respect to hydrogen and septivnlent with reipect to 
oxygen, K being trivalent to hydrogen {it giveiNH])uu] quinquivalent 
to oxygen (it gives N,Og), and C being quadrivalent to both H and O 
aa it (orma CH^ and COj. And ea not only their oxygen componnds, 
bnt alao their bydrog<en compoands, have acid propertiea, the balogena 
are elemenU of an exclusiTely aciit character. Such melAla as lodittm, 
potassium, barinm only give basic oxides. In the case of nitrogen, 
although it forma acid oxidet, etill in ammonia we find that capacity to 
give an alkali with hydrogen which indicates a leaa distinctly acid 
character than in the halogena. In no other elements ia the acid- 
giving property so strongly developed aa in the halogens. 

In describing certain peculiarities characterising the halogens, we 
■hall at every it«p encounter a confirmation of the above-mentioned 
general relations. 

As fluorint decompoaes water with the evt^ution of oxygen, 
Fj + H,0 = 2HF + 0, for a long time all efTorte to obtain it in free 
slAte by mean* of methods siotilar to those for the preparation of 
chlorine proved fruitleaa." Thus by the action of hydrofluoric add 
«D manganese peroxide, or by decomposing a solution of hydrotluorio 
acid by an electric current, either oxygen or a mixtnre of oxygen and 
fluorine were obtained instead of fiuorine. Probably a certain quantity 
of fluorine***'* waa set free by the oction of oxygen or an electric 
current on incandescent and Tused calcium fluoride, but at a high 
temperature fluorine acta even on platinum, and therefore it was not 
obtained When chlorine acted on silver fluoride, AgF, in a vessel of 
natural fluor spar, CaF„ fluorino was also liberated ; but it was mixed 

•< Etsd bofore Ine fluohna wu obtoiiied (IMS) it »t 
is Ihe eflocle nude lo obtoin il, uid boa Hulogr, ttuJ 
Snl Bnuian tSUioa ol Ibe Princiflet of ChenMry). 

** ^ It is meet likely Uut in tills eiperiioaiii <3l Fraoy's, which «aiTdflpoad* witb th* 
actloa oI Dirgen on uJaiora chkdd*, Bnoriiii «u let tne, bol tb*t * oodtwh reaclioii 
■lHFnx)Hded,C>0-fFa''C&F,-tO— Uuti^thaadciiuiiaitnbQtHl iUell httmaeti Ilia 
«! jgu ud SaoriDB. |[iiF„wbicb isospabtaol apLUing up inlo UnF] ud Fniiwitboot 
donbl tmsed by tha uUoe of a ■tniiig wlMioii ol hydroSoanE iicid oa mungMiMB per- 
etids, but Dndei tha KtiaD ol ruler the fluoniM givea hydioSnaric acid, (ud pnbiUy 
tius 11 Bided by the affinity of the aiugaaeu Buorids and bTdrofloocic acid. Id all tha 
altempts rimde (by Da^t Tfn on, Loaf et, Piemy, Gon, and Dtlura) to dauoBpoie flao ri daa 
(thofle of lead, ailver. calciam.aad otltara) by ehloriaa, tbare vara doobtioH aJao caaaa 
oCdulnbiitiaa, a portign of the melaJ combined iiith chloriDa and a portion ol >b* Socnw 
vaierolTod; bnt it iaitppiabable that any daoiiiToainlta were obUiutl. Fcomy pnbably 
obtained floorino, bat not in a pore itate- 
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with chlorine, and it was impossible to study the propettiee of the 
resoltant gas. Braoner (1881) also obtained fluorine bj igniting oerinm 
fluoride, 2CeF4 s 20eF« + F, ; but this, like all preceding eflTOTts, 
only showed fluorine to be a gas which decomposes water, and i» 
capable of acting in a number of instances like ddorine^ bat gave no 
pofoibility of testing its properties. It was evident that it was 
necessary to avoid as far as possible the presence of water and a riseof 
temperature ; this Moissan succeeded in doing in 1886. He decom- 
posed anhydrous hydrofluoric acid, liquefied at a temperature of — 23^ 
and contained in a U-shaped tube (to which a small quantity of 
potassium fluoride had been added to make it a better oondoctorX by 
the action of a powerful electric current (twenty Bunsen's elements in 
series). Hydrogen was then evolved at the negative pole^ and fluorine 
appeared at the positive pole (of iridium platinum) as a pale green gas 
which decomposed water with the formation of ozone and hydrofluoric 
acid, and combined directly with silicon (forming silicon fluoride, 8iF4X 
boron (forming BF^), sulphur, &c. Its density (H = l)isl8,80 that 
its molecule is F|. But the action of fluorine on metals at the ordinaiy 
temperature is comparatively feeble, because the metallic fluoride* 
formed coats the remaining mass of the metals ; it is, however, com- 
pletely absorbed by iron. Hydrocarbons (such as naphtha), alcohol, 
ice., immediately absorb fluorine, with the formation of hydrofluoric 
acid. Fluorine when mixed with hydrogen can easily be made to 
explode violently, forming hydrofluoric acid.^^ 

In 1894, Brauner obtained fluorine directly by igniting the easily 

^ Aooording to Moitaan, flaorine is diMnf^aged by the action of an eleotrio cnmni 
on (oMd hydrogen potassium fluoride, KHF^. The prMent state of chemical knowledge 
is such that the knowledge of the properties of an element is much more general than 
the knowledge of the free element itself. It ia useful and satisfactory to learn that 
•▼en fluorine in the free state has not succeeded in eluding experiment and researoh, 
that the efforts to isolate it have been crowned with success, but the sum total of 
chemical data concerning fluorine as an element gains but little by this achievement. The 
gain will, however, be augmented if it be now possible to subject fluorine to a compara- 
tiye study in relation to oxygen and chlorine. There is particular interest in the pheno* 
jnena of the distribtition of fluorine and oxygen, or fluorine and chlorine, competing nndeir 
different conditions and relations. We may add that Moissan (1803) found that free 
fluorine decompoaes H38, HCl, HBr, C8^ and CNH with a flash ; it does not act upon 
0«, N«, CO, and CO9 ; Mg, Al, Ag, and Ni, when heated, bum in it, as also Ao S, 8eJ* (forma 
PF») ; it reacts upon H^ even in the dark, with the evolution of 866*00 units of heat At 
a temperature of -95°, F9 ttill retains its gaseous stat«. Soot and carbon in general (but 
not the diamond) when heated in gaseous fluorine forin fluoride of carbon, CF4 
(Moissan, 1890) ; this compound is alio formed at 800° by the double decomposition of 
CCI4 and AgF ; it it a gas which liquefies at 10° under a pressure of 6 atnu)epherea. 
With an alcoholic solution of KHO, CF4 gives K«COs, according to the equation CF4 + 6KHO 
•KtCOs-t-iKF-t-SBaO. CF4 it not soluble in water, bat it it easily soluble in CCI4 and 
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(onned»w douhle lead salt HF,3KF,PbF„ which first, at 230", 
Hecempoees with the evolutioii of HF, and then splits up forming 
3KF,PbF, and fluorine F„ which is recognised by the Eaet that it 
liberates iodine from EI and easily combines with silicon, forming 
BiF,. This method gi^'e3 chemically pure Suorine, and is based upon 
the breaking up of the btgiier eomponnd — t«traflaoride of leaif, PbF,, 
correspondieg U> PbO,, into free flaorine, F,, and the lower more 
■table form— bi fluoride of lead, PbF„ which corresponds to PbO ; that 
ix, this method reaembles the on^inary method of obtaining chlorine 
by means of HnO,, as MnCI, hero breaks tip into MnCIg and 
chlorine, just as PbF^ splits up into PbF, and fluorine. 

Among the compounds of Bnorine, calcium fluoride, CaF,, b some- 
what widely distributed in nature as floor spar,*" whilst cryolite, or 
aluminium sodium fluoriilc, Na^AlPg, is found more rarely (in large masses 
in Greenland). Cryolite, like fluor spar, is also insoluble in water, and 
gives hydrofluoric acid with sulphuric acid. Small quantities of fluorine 
have also in a number of cases been found in the bodies of animals, in 
the blood, urine, and bones. If fluorides occur in the bodioa of animals, 
they must have been introduced in food, and must occur in plants and in 
water. And as a matter of (act river, and especially sea, water alwuyi 
contains a certain, although smalt, quantity of fluorine compounds. 

Hydrofluoric acid, HF, cannot bo obtained from fluor spar in glass 
retorts, because glass is acted on by and destroys the acid. It ia 

""•■ T. Nikolakiu (IMS) *nd «oh««ioeDll)- Friedricb md Cliwan obwiuad PbCT^ 
uid ■ AdxMo BminoiimiD Mil ol teliuhlondB of ktd fiUrling from the bioDiiJel. 
PbCt.WHtCl; Bulohinton toA Piilind cblainrd ■ similu nil of loMia KiA (CSttaj 
tormpondlng to PbX, b; trnting nd bud with ilrmg ucCic Kid : tbe eomponlion d 
Ihii Hit ia PbfCiHjO,),; il melti (ud dscoaipoMiil >i iboab ITS". Braiia*! (IBSI) 
diteinad snll corTuponding la IMnifliuiridg of tow), PbPi. udthe uad (ncmpoadnif 
to it, H.PbPa. For eiuBpls, by Inmling pMaiiiiini phunbst* (Cln{iMr XVllL KoU IS) 
with rtron; HF, ud ■!» ths iboTe-mentioned tetn-ueUte wjtb t, tolDtloa ol KHPg, 
Brknner obtniiied ciTilallinn HKjFbF,— u. the hIc tiwa which be obtunsd ftaoriot. 

*> tl il eslleit >pu bfcBow il Teiy frequently occun lu arjtUlt o! ix clssrly timinx 
tlmctcrfl, tsii it Iherefon lAtil j eptit Dp inLd piec<t bouuded b j ptuies, lb ii csHed fluar 
■pu beciDH vhan lued a> ■ lllll it renden oren fuiiblo, oiriDg la Iti reacting iritb ailioa, 
6iO,*aCikF,^aCaO + SiF(; lh> liJicon flnonde eHapeiaia gaauid Ihe lime Cflmbinei 
•Ith a fartherqiuDtity of ■niw, andgicea a ritreoiu slag. Fluor ipu ocfua ia miasnl 
Teini and rocki, lometimei is eonaidenble qmuitilies. Il alwajB cryitallisei In the eubin 
■Jitam, aonialimeB in irrj laije Hmi-tnnipitreul cubic erjiUit, which an ooloorltsi or 
ol diffenol colour*. II i> iuolabla in water. It melti under the kctioa of beat, and 
eiT*telIii» on ooBling. Ths specific grarit; ii 91. When tlaia it puead aTDi incu- 
deaewnt floor apu, lima and hydrofluario acid are rormed ; CikFj + H,0 = CsO • UtF A 
double decompoaitioD ia atio euily pmduced by losing 11 mi apiir <r|ib K^ani or petaitiom 
hydiotidei, or potajb, or cien willi tbeir nrbouleB : [he flmuine then pakaoeoTei to tha 
potaaaJTun or aodiuni, and the oiygea Co tha catcium, lu aalalioat— lor axaiuplt, 
Ca(NC^)9-ftKF^C«F, tpreciptCalc) « IK.VO1 [in tulutionj— the fonnation ol caMm 
encdde takei pltoe. DWios to it* riTj apwHng aoIubUily. 10,000 part* ol water diiault* 
«M part of float >pai. 



492 BRINCIPLE8 OF CHS1CI8TBT 

prepared in toad Tetieli, and when it it raqvired |mre^ in jdatlnuin 
TMels, because lead also acts on hydroflnorio acid, althoogh only very 
feebly on the sorface, and when once a coating of flnoride and sulphate 
of lead is fonned no farther action takes place. Powdered floor sper 
and snlphnric add evolTe hydrofluoric add (which fumes in the air) 
etren at the ordinaiy temperature, CaF| + H^4 s OaS04 + 2HF. At 
190® floor spar is completely decomposed by sulphuric add. The acid is 
then evolved as vapour, which may be condensed by a freedng mixture 
into an anhydrous add. The condensation is aided by pouring water 
into the receiver of the condenser, as the add is easUy soluble in cold 
water. 

In the liquid anhydrous fonn hydrofluoric add boils at 4- 19*, and its 
spedfic gravity at 1 2*8<> ab 0*9849.*> It dinolves in water with the evo- 
lution of a considerable amount of heat, and gives a solution of constant 
bofling point which distils over at 120® ; showing that the add is able to 
combine with water. The spedfic gravity of the compound is 1*15, and 
its composition HF,2H,0.^* With an excess of water a dilute solu- 
tion distils over first The aqueous solution and the acid itself must 
be kept in platinum vessels, but the dilute acid may be conveniently 
preserved in vessels made of various organic materials, such as gutta- 
percha, or even in glass vessels having an interior coating of paraffin. 
Hydrofluoric add does not act on hydrocarbons and many other sub- 
stances, but it acts in a highly corrosive manner on metals, glass, porce- 
lain, and the majority of rock substances.^ It also attacks the skin, 

** Aoeording to Oof. Framy obtaiiMd MihTdrout hydrofluoric ftcid by d«coiupo«in^ 
Ittd flnorid* at ft red heal, by hydrogen, or by heftting the doable talt HKF9, which 
•atfly crytUUitet (in cnbet) from ft tolntion of hydrofluoric ecid, hall of which hae been 
•fttorated with poiatsimn hydroxide. Its vapour dentity correeponds to the formula HF. 

M This compoeition corresponds to the cry stallo* hydrate HCl.SHsO. All the proper- 
ties of hydrofluoric acid recall those of hydrochloric acid, and therefore the com* 
paiative ease with which hydrofluoric acid is liquefied (it boils at +10^, hydrochlorio 
add at — 85^) must be explained by a polymerisation taking place at low temperature*, 
as will be afterwards explained, H^F^, being formed, and therefore in a liquid state it 
differs from hydrochloric acid, in which a phenomenon of a similar kind has not yet been 
obeerved. 

*B The corrosire action of hydrofluoric acid on glass and similar siliceous eompounda 
is based upon the fact that it acts on silica, SiO^, as we shall consider more fully in 
describing that compound, forming gaseous silicon fluoride, SiOa-f iHF«SiF4-t-9H«0. 
Silica, on the other hand, forms the binding (acid) element of glass and of the maaa of 
mineral subetancet forming the salts of silica. When it is removed the cohesion is do. 
stroyed. This is made use of in the arts, and in the laboratory, for etching designs and 
aoales, Ac, on glass. In wgrwring <m glam the surface is covered with a varnish com- 
posed of four parts of wax and one part of turpentine. This varnish is not acted on by 
hydroflnorio acid, and it is soft enooi^ to allow of designs being drawn upon it whose lines 
lay bars the glass. Tbs drawing is made with a ste^ point, and the glass is afterwards 
laid in a lead trough in which a mixtnrs of door spar and sulphuric acid is placed. The 
Mlphuric add must be ased in coosiderabls ssosss, as othefwise transparent lines art 
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t.Di is distingidshecl by its poUonoas properties, so that in working with 
the acid a strong drauglit muat be kept up, to prevent the possibility of 
the fumes being inhaled. The aon-metols do not act on hydroQuorio 
ncid, but all metals — with the exception of mercury, silver, gold, and 
platinum, and, t^ acertaiadegree,lead— decompose it with the evolution 
of hydrogen. With bases it gives directly metallic fluorides, and 
behaves in many respects like hydrochloric acid. There are, however, 
several distinct individual differences, which are furthermore much 
greater than those between hydrochloric, hydrobromic, and hydriodic 
acids. Thus the silver compouads of the tatter are insoluble in wat«r, 
whilst silver fluoride is soluble. Calcium fluoride, on the contrary, is 
insoluble in water, whilst, calcium chloride, bromide, and iodide are not 
only soluble, but attract water with great energy. Neither hydro- 
chloric, hydrobromic, nor hydriodic acid acts on sand and glass, whilst 
hydrofluoric acid corrodes them, forming gaseous silicon fluoride. The 
other halogen acids only form normal salts, KCI, NaCl, with Na or K, 
whilst hydrofluoric acid gives acid salts, for instance HKF, (and by 
dissolving KF in liquid HF, KH:F,2HF is obtained). This latter 
property is in close connection with the fact that at the ordinary 
temperature the vapour density of hydrofluoric acid is nearly 20, which 
corresponds with a formula HgF„ as Mallet (1S61) showed; but a 
depoIymerisatioQ occurs witli a rise of temperature, and the density 
approaches 10, which answers to the formula HF.*' 

The analogy between chlorine and the other two halogens, bromine 
and iodine, is much more perfect Not only have their hydrates or 
halogen acids much in common, but they themselves resemble chlorino 
in many respects,''' and even the properties of the corresponding 

oMitmed (oving to Uie fonstitkiii of bfdtoflooulicic uid). After being exposal tor khub 
time, tlie.cafnitih ii nungTed (milted] uid the doslga dn'm by Ihs tteel point ia [amia 
npredurtd in dull lines. Xtu dnwing aty he also made by the diiect appliuliim of t, 
miitue of ■ BitiooHtioride and Bulphutia Kid, which locuu bydioBuorio ncid. 

** UftUst (ISal) detenniiwd tlie duuily st W uid IW, invriau to whloh Otu* 
(ISav) hid datanniiwd the Tkpou dsntity ai 100°, whibt Thorp* ud Hunblj (1868) 
mule lotuteen deleRninUIona betwoan 36° sod B8°, snd ibowed that wilhio lUi limit of 
(empeTBltire the densitj gradually >liinhiia>iii«,JMtUfce the rapaar ul Melle tdd, nlttogen 
dioiids, utd oUiars. The tendenoy at BF to polymarise into HgFi is pKit»bly oonnecl«d 
witli tba property ot many flaoiideB ol rormiag laid sails— (or aiample, KHFf and 
11,61?). Wa aaw above that HCI htui the aune proparty (fomiiog, fot iuttaiioe, Q^tCIg, 
&e., p. til), and hetiiw thi« propsrty ol bydioSoaiio aold da« not alud Isolatad from the 
propoitioi o[ the othoc halogeni. 

» For instance, the eiperimant with Dntob metal foil (Note IB) may be made wiUi 

UnUioDoI the b^ogens with metuJi Diaj-beiuule by thiowioga sdiilII pieoe [a shaving) 
el eltuniiuum into a vessel containing liquid bromini] ; the aluminium, lieing lighter, floats 
M til* bromine, and aiter a eertain time reaction ists is aecompaiiied by Ihs evolDtlon 
«l baal, light, and lomea ol bromine. The InouideKout piooe ol metal iiiores rapidly 
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itfetanio eoraponiids of bromine and iodine are very mncb a]ik4. Tbfli^ 
the chlorides, bromides, and iorlideeof sodimn and potaseiain ei7*ta)life 
In the cubic sjttem, and are eolnble in water ; the chlorides of caldain, 
alnminiuni, magnet imn, and barium are just aa soluble in water as the 
bromides and iodide of these metals. The iodides and bromides of 
silver and lead are sparingly soluble in water, like the chlorides of 
these mqtals. The oxygen compounds of bromine and iodine also 
present a very strong analogy to the corresponding compounds of 
chlorine.- A hypobrbmous acid is known corresponding with liypo- 
chlorous acid. The salts of this acid hftve the «ame bleachinjg property 
as the salts of hypochlorous acid. Iodine was discovered in 1811 I7 
Courtois in kelp, and was shortly afterwards investigated by Clemen^ 
Gay-Lussac, and Davy. Bromijie was discovered in 1826 by BaUrd 
in the mother liquor of sea water. 

Bromine and iodine, like cl^lorine, occur in sea water in combina- 
iion with metals. However, the amount of bromides, and especially 
of iodides, in sea water is so small that their presence can only be 
discovered by means of sensitive reactions.'^ In the extraction of salt 
from sea water the bromides remain in the mother liquor. Iodine and 
bromine also occur combined with silver, in admixture with silver 
chloride, as a rare ore which is mainly found in America. Certain 

over the torfAoe of the bromine in which the recQitAnt ftlDminiam bromide dtMolT««. 
For the take of compAriaon we will proceed to di« eeveral thennochMni<ml dat* (Thorn* 
•en) for aiuklogoue actions of (1) chlorine, (9) bromine, and (8) iodine, with retpeci to 
metals; the halogen being expressed by the symbol X, and the plus sign connecting the 
rMcting iiibstancee. All th« Sgnres ar« given in thoasandt of caloiioi, and rsfor le 
noloottlar quanUtiet in grams and to the ordinary temperature :— 
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yft nay ftmark that the latent heat of vaporisation of the moleenlar weight Brtit about 
7'S,.and of iodine 6*0 thonsand heat units, whilst the latent heat of lueion of Br, ia abool 
e^ aad of If about 8-0 thooiand heat unite. From this it is evident that the difference 
between the amounte of heal evolved does not depend on the difference in phyiical s4at«. 
Vor iustaaee, the Yapour ol iodiiM in oombinang with Zn to fonn Znl« would give 
484 S4'S, or about tiity thousand heat unite, or 1^ times less than Zn •¥ CI9. 

M One litre of lei^waler eontaint about 90 grsms of chlorine, and aboat 0<^ gri» 
afbfunhM. The Pssd 8ea contains abdal tsn limes ss sMKh bioi^aBe. 




catDen] waters (thoee of Kreatnach and SUro-rouOdc) eont^n meUllio 
bromides and iodides, aIw&^i in admiztaro vith an excess of sodium 
chloride. Those upper strata of the Stassfurt rock salt (Chaptec X.) 
which are a source of potssiium salu alHO contain metallic bromides,^' 
which collect in the mother liquors left After the crystallisation of the 
potassium salts ; and this now forms t^e chief source (together with 
certain American springs) of the bromine ia common use. Bromine 
maj be easily liberated from a ntixture of bromides and chlorides, 
owing to the fact that chlorine displaces bromine from its compounds 
with sodium, magnesium, calcium, Ac. A colourless solution of 
broroidoB and cbJondes turns an orange colour after the passage o( 
cbtorincj owing to the disengagement of bromine.'' Bromine may be 
extracted on a large scale by a similar method, but it is simpler to add 
a small quantity of manganese pOKiido and sulphuric acid to thtf 
mother liquid direct. Thisseta free a portion of the chlorine, and this 
chlorine liberates the bromine. 

Bromine is a dark brown liquid, giving brown fumes, and having a 
poisonous Bufibcating smell, whence its name (from the Greek ^pu/iof, 
pigniff ing evil smelling). The vapour density of bromine sbowg that 
its molecule isBrg. In the cold bromine freezes into brown-^y scales 
like iodine. The melting point of pure bromine is — T'-OS.** The 
density of liquid bromide at 0° is 3'18T, and at 10° about 30. The 
boiling point of bromine is about 58°'?. Bromine, like chlorine, is 
soluble in water ; 1 part of bromine at 5° requires 27 parts of water, 
Bnd at 15° 39 parts of water. The aqueous solution of bromine ia of 



" Bnl there la na icdino ii 
" Thfl chlcprins nait no! 
i*^d coDtun chkirui«. Coi 
bromiDB ohlonde ; thii is more aolnbl* 
b« IrwJ. To ol: 



SUnfnrt ouniUito. 

howevu, be [a Uig* eicKM, u otheti 
lit! bromiao not DntraqueDl1;r oanl 



luhed with mfer, dried 
18° hitiDg coUecUd ; the 
lived, ud the rfiDnindat 
unoTfld bjr flhakiug with 



ic uiil,utd dialilled, tha poitioD eomiiig o 
^nfttflr put ia Uud ooiiTerted into potkBunm bromLdfl i 
it kdded la tha Mlatioii la ordsi to Mpanle iodino, oh 
ouboD bigulpbide. B7 buting tho palUBlum btomidi 
peroiido uid icdiihiiria uid. bromtaA ia obtuned qnitd fne fmn iodine, which, boworar. 
it not present in oerisiD liindj ol wmnunis] bromino (the Stutlurl, (or iDitaooa). Bj 
tntotiBBiit idth potub, the bromine ie than coavertod into > miilnre of potuaium 
bromide and bromale, wid tha mirlnrs [which ia in the proportion giTeo in the eqiulion) 
ia diitiltad with Bn)[Jiiiric aeid, bromioa boing Uien eTolied: SKBr+KBrOi + SHiSO, 
=eEBS0,-f8H]O + sBT,. AlteidiBndnaglhebroffliiielnaatrongaolDtian ol ealdnn 
bromide uid pradpitoting "ith an eicoBt ol water, il loaea all the oblorina it ooatained. 
beoanae DUariaa lonoa calciam chlorida with CaBrf. 

^ Then haa tonK eriated a differonce of opinion aa to tha malting point ol puT« 
bnimina. Bj eoma in»e«li^iton (Begooolt, Piarro) II waagiiun as between —7' and -S", 
ud b; othora (Balard, Liebig, Qoincka. Banmhauar) ae between - 10° and - W, Thar« 
w DO aoobt, thanka more npedally to the rMaarclMH ol Bamaay and Toung (ISSS), 
that pnre bromine melle at aboot -t". Tbla flgure ia not oalj eatabliihed bf djreol «i- 
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an orange cokmr, and when cooled to *2* yielda eiTstala odntalnfa^ 
10 molecules of water to I molecule of bromine.^ AJoohol dtadret a 
greater quantitj of bromine, and ether a still greater amount. Bnt 
after .a certain time products of the aotion of the bromine on then 
organic substances are formed in the solutions. Aqueous ac^utione of 
the bromides also absorb a large amount of bromine. 

With respect to iodine, it is almost exclusively extracted from the 
mother liquors after the cr^rstallisation of natural sodium nitrate (OhiH 
aaltpetre) and from the adbes of the seaweed cast upon the shores of 
IVance, Great Britain, and Spain, sometimes in considerable quantities 
bj the high tides. The majority of these sea-weeds are of the genera 
/Wii#, Laminaria, itc. The fused ashes of these sea- weeds are called 
*k^p' in Scotland and 'rarech' in Normandy. A iomewhat CdH 
siderable quantity of iodine is contained in these sea^weeda After 

periment (Van der PUatt oonfirnied it), bat ftlao bj maMM of the detenninatioa of thg 
▼»poar tension*. For solid bromine the vapour teneion p lo mm. al I wae foona lo " 

p« SO tS 80 SS 4P 45 mm. 

«- -le^e -14° -la* -lo® -8-5« -7<> 

for liquid 
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Theteeimreeintereeot at -7^*04. Beeidee which, in oomparing the Tapoor tetnion of 
eumy liquids (for example, those given in Chapter II., Note S7), Bamsay and Tom^ 
obeerved that the ratio of the absolute temperatures {t + 978) corresponding with eqaal 
leuioii varim for every pair of subelanoei in rectilinear proportion in dependence apoo i» 
IDd, therefore, for the abovtf pressure p, Bameay and Young determined the ralio oC 
I +878 for water and bromine, and found that the straight lines expressing these ratios 
tor liquid and solid bromine intersect also at 7^*06 ; thus, for example, for solid 1 

p« SO tS SO 85 40 48 
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iiee 

wheie t' indicatee the temperature of water ecrteepo ndin g with a Tapoor tension^ mUI 
where e is the ratio of 978-l-f lo 978-t-l. The magnitude of e ie evidently expneaed with 
great accuracy by the straigfal line e«ri70S-f 000111. In exacUy the same way we flna 
the ratio for liquid bmD&ine and water to be Ci- 1*1685 -I- OH)0057f. The inteneetioool 
these straight Unee in fact correeponde with — T^-OS^ which again oonfiime the w**>i^ "^g 
point given above for brotniae. In this mauner it ia poeeiUe with the ^^■*i»*g elocu ol 
data to accurately eetablieh and verify the melting point of subetances. Bameay and 
Tonng eetabliahed the thermal oonstanta of iodine by exaetly the same method. 

•0 The obeerraitkma made by Paleno and Naeini (by Baoult's method, Chapleir L 
Note 49) Ol the temperature of the formation ol ieet-1'^115, with 1-891 gram of fatomias 
in lOOgramsof water) in an aqueous solution ol bromine, showed thai bromine ieeootaiaea 
iir ednlions ae the molecule Br^. Similar experimenle conduded on iodine (Eloboukoff 
1880 and Beckmami MOO) show thai in solution the molecule ia If. 

B. Booseboom inveeligaled the hydrate of bnmiBe ae oomfletely ae the hydrate ol 
uhlorine (Notes 9, 10), Tiwifc»npm^i«mftttii> Hfjnnif,^| ^MMrmtmrflten trflhe hydrate is 
♦ S<^; the density of Brc 10H|6«l-4a 




THE HALOOENS 

Wng tiurnt (or subject«d to dry distilUtion) bd asb is left which 
ohiQflj oontaina salts of potasaium, Bodium, and calcium. The motab 
occur in the sea-weed as salts of organic acids. On being burnt tbeso 
organic salts are decomposed, Forming carbonates of potossitim and 
sodium. Hence, sodium carbonate is found in tbo ash of sea plants. 
The osb is dissolved id hot water, and on evaporation sodium car- 
bonate and other Salts separate, but a portion of the aabatances 
Tomains in solution. These mother liquors left after the separatiott of 
tbe sodium carbonate contain chlorine, bromine, and iodine in combi- 
nation with metals, the chlorine and iodine being in excess of the bromine 
13,000 kilos of kelp give about 1,000 kilos of sodium carbonate and 
15 kilos of iodine. 

The liberation of the iodine from tbe mother liquor is effected with 
comparative ease, because chlorine disengages iodine from potassium 
iodide and its other combinations with the metals. Not only chlorine, 
but also sulphuric acid, liberates iodine from sodium iodide. Sulphuric 
acid, in acting on an iodide, sets hydriodic acid free, but the latter 
easily decomposes, especially in the presence of Bubstd.nceB capable of 
fivolving oxygen, sucb as chromic acid, nitrous acid, and even ferric 
salts.^' Owing to its sparing solubility in water, the iodine liberated 
■eparates as a precipitate. To obtain pure iodine it is sufBcient to 
distil it. and neglect the first and tost portions of the distillate, tbe 
middle portion only being collected. Iodine passes directly from a state 
of vapourinto a crystalline form, and settles on the cool portions of tbe 
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impovndH corroBpoDdmf with tha higher BtOKGH of 
aEnOj give « lower itaga xhfn (retted nEth hydriodic ecid. 
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oune (Chapter IV.] u* able la UberAta iodine from hydriodio u id. CompoODde of 
raid?, CnO or CnXi, give oompoaade of tha iDbotideCiijO.aTCDX Gren aulphgdc toid, 
which eorreapondi to the higfagr at«gD SOj, is able to act thai. lomiog the lower otida 
BO,, The liberation of iodioe from hydriodic acid proceeda with atill greater sue under 
the aclion ol aubilancsa cspnbta of diistieaglDg oxjgta. In practice, maBy niethodi 
are atoplojed tor Liberating iodine from acid liqnida containing, for eiample, Aolpharic 
odd and hydiiodic acid, Tbe higher oiidoa of nitrogap are laMt conusonl; uied ; thej 
'then poaa into nitric axid& Iodine may even be dtaeagaged from hjdhodic acid by Ibe 
action of iodic »cid, He, But tber« ii a limit >D tbau reactiona ot the oxidation of bydri- 
odifl acid became, under certain condiCiona. eipecially in dilute ■olnliana, the Iodine 
Ml five i* ilialt able lo aol ai an oiidiiing agent — that it, il cibibiti the characlar 
of flhlorine, and of the haJogana in genenJ, to which we aball agajn bare occauon to 
later. In ChlU, whsr* a Urge quantity ot iodine ii uitincled in the manofacture ot Cbili 
ultra, wbiob oontaina NalOj. it ia mixed wilb the acid and normal lulphitaa of aodinm 
Ib tolntion ; the iodine [a then precipitaled according to the eqnalian SKalO, -f 8Na,S0i 
■(■tKaBfiO]->Ni.}604<'I]'i'B,0. The iodine thu a obtained la ponfiedbyaablimatioat 
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tff»n ibu th t&TiDlnr cryinh, having k black gnj colour t&3 ttetelBo 

Tb« (peiUi'-Kniviiy of the cryiuU of iodine i» 4-dd. It melu •< 
114* and boilN »t, l^i t°. Iti I'spoor is formed &t» tnuch low^ tenper*- 
Mn, And i« 'if ■ vi'jlnt colour, whenOo lodino roceivM iU aame (ieni^ 
vloUt). Tb-< mafil of Iodine rocalli lbs chancterutic «meU of hjp>- 
•Uwoiutciil ; liliiuaatikrpiourUute. Itdestroys the akin and orgaoi 
t( Dm bodjr, nii'l ii th«rotoro frequently -otnployed for cauterisiag uh] u 
M irritant for tlm uliin. In amall (idantitiea ft turns the skia broim, 
bat thfl eo\;intioa diuppcurt aftof k o«rtAEa time, partly owing to th* 
voUtility of (lio i'Ainn. Wator diaitoIvM only -^is^ part of iodine. A 
brown aoiuLi'in In ttmi ubtftinod, which Ueachea, but much more feebly 
tlMO bromiiio and chlurioii. Water which contaioB aalta, and especially 
iodldM, In filiitli^u <hiijio1v«H lodiiia in eutiaiderable ijuantities, and tba 
rwalUnt wtution i^ ^t a dark brown colour, Furo alcohol disaolvea • 
flOMll atnouiit of inillne, and In to doing noquires a brown colour, bat 
ih* Mlubility of Iodine ia oonaiderahly increased by tho presence ot m 
■Bsll qutnlily lit nn Iodine compound — for inAt«nce, etbyl iodide — ia 
tbe alcohol,'' Ktln^r dmaolves a larger amount of iodine than aJcohol 
bot Iodine i : j,»rh< niurty uoluble in l^uid hydrocarbons, in carbon bi- 
sulphide, and in chloroform. A imall qtiantity of iodine disaolred 
in oarbon biitulpbide tinU it rote-oolour, but in a aomewhat larger 
amount It glvea a violet colour. Chloroform (quite free- from alcohol), 
la alao tintnd rote colour by a tniatl amount of iodine. Tbia givei an 
eaty meant for detecting the preeence of free iodine in small quantities. 
The blue coloration which free iodine givet with lUtreJi may also, 
u haa already been frequently- mentioned (see Chapt«r IV.), serve for 
the deteotion of iodine. 

If we compare the four elements, fluorine, chlorine, bromine, and 
iodine, wo tee in tbem an example of analogoua tubstancea which 
arrange tbemselvei bj their physical propertiea in the aame order as 

* For tha Boil puirflcUion of Iodine, BLm dluoNtd It [d ■ itniDg lolDtioD ol 
poUwIam iodida. ud pnoipitetad it bj Uit vlditioa oI witar (w NoU H). 

■* Tb* KliniiUlf ol indias in »IdUod> coDluning iodidsi, ud cotDpoondi ol iodise 
IDfaDsnl, latf urr*, on Ilia on* hud, HtaiDdiationtlutioluliODii dnetotiimiluitr 
batwavD Iho Aoltant uid diHolTbd tubiUJica, uid,oi] Iha othar huid, u ad mdirect proof 
ol Uwt vio« u loKtlDtioDi whiob wH cilad InCbiptn L,b«c*iiH Is maof iD>tuii»t an- 
■UbU bi||bl]> ioditad ixHiipaandi, mambliiig crjitdlo-tij'dntea.htTs be«a obtuDadlros 
null Klulioni. Tbu> iodide oC tatruDethjluamaDlun, N(CBi)^, oombiaei with I, tad I, 
Kien * Klulian ol iodine io a utOnted kIuIidh ol poUuiom iodida prsMnti indioUooa 
ol the lumilion ol a definite nompoand KV Tlmi, nn alooholic 'lolDtian ol XI| •*oat 
Dot give up iodina to oarbon bitdpbide, althoufh t}ili Klvant takei np io4^fl Irom an 
■Icoliolic Klalion ol iodine itaell (ainalt, JSrf<DMa.ud olben). The ioirtiibiUtj of Uiaaa 
•onpoatidt latamblM the lutabUitT ot muj erjalaUo-bjdntai, foe lollaiiM ot BC1JH(0. 




Aej bt&nd 1ft respect to their atomic and moleonlar wetgbte. If tho 

veigbt of the molecule Ik large, the aabstaaee has a higher speci6o 
gravity, n higher melting and boiling point, and a whole eerles of pro- 
perties depending on thia difference in ita fundamental properties. 
Chlorine iu a free state boiie at about —35'. bromine boils at GO", and 
iodine only above 180°. According to Avogadro* Gerhard t'a law, the 
vopouT densities of these elements in a gaseous state are proportional 
to their atomic weights, and here, at all events approximately, the 
densities in a liquid (or solid) state are also almost in the ratio of their 
Atomic weights. Dividing the atomic weight of chlorine (3C'S) by its 
epeciSc gravity ia a liquid state (\-3), we obtain a volume = 27, for 
broiDine (80/3-1) 26, and for iodine also (127/4'9) 26." 

Tbemetallicbromidesandiodidesareia the majority of coses, inmost 
respectsanalogoustothecorrespondingcblorideBi*' but chlorine displaces 
Uie bromine and iodine from tbem, and bromine liberate* iodine from 
iodides, which is taken advantage of in tlie preparation of these halogens. 
However, the researches of Potilitzin showed that a reperie displace- 
ment of chlorine by bromine may occur both in solutions and in 
ignited metallic chlorides in. an atmosphere of bromine Tapour — that is, 
a distribution of the metal {according to BertboUet's doctrine} takes 
place between the halogens, although however the larger portion still 
unites with the chlorine, which shows its greater affinity for metals as 
compared with that of bromine and iodine.*' The latter, however, 
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•odiuin Bnotidfl (obUiiiiid by dividing the weight oipnued bf ill tonnnlii hj itt HpooiAe 
.grerityj ii abont IS, of •odium cUohJi ST, pf Hdiainfargiaide Bl. uid D( tojiaiD Iodide 11, 
The Tolome ol BQicon ohlonrfonn. SiBCl,, ii 6i, uid thow ot the comipaudiiig bnmioi 
kod iodlca compoiuid) ue 108 uid 133 rsBpeclivnlj. The ume diffetenca »Ua fiiita 
ID »Iiillsiu; f(neuniple,N>C1<-20aH,0 hu ■ ep.gr, (el IS°/4°) of lOllH, WDeeqaanllr 
the volmne ot the K)latioii'a.eii8-e/l 0100'^ 8.630. hesce Uie Tolnme of eodium shloiide in 
MlulioD KS,0!tO-S,SOB(tliia ia the Tolume ot 100 11^0) ^ 17, ud in •imilu ulatioDi, 
HkBr^SBudNal.Sfi. 

* Bui the deoulr (tnd klao moloctiliu Tolame, Nolo St) ot e biomioa oompouud U 
ftlveje gn«tar utui Lbkt of « chloriiie oompoopd, wbilib that of to iodiup comiwiuid 
ii itiU greater. Tb« oidei ii tts laine In mui]' other ies(HHU. For exunplf, aa iodias 
eompoOTrd bu a higher boiliog poijit thoD-abrookine compound, &c- 

'^ i.h. FotQitoD ehowed that ia heating vvi<^oe metaUio ^ohdoA ia a dosed tube, 
•rith M ^o^^ent qniiatit; ol bconuue, a diilribuUon of the metal botHeen the halogvu 
alttajn ocoora, and that the unDuikta of chloViuo replaced bj the broQUbe id the iiltiaiat^ 
produst WW proportional lothealomia weigbtaol tho metal j laksa and iuvettel]' propa(> 
liooal to their equiv^ence. Thu>, if NaCl-fBi bo taken, then out ol 100 putf ol 
ehloiine. eu are replaced by the bromine, wbilit icith AgCI-fBr 37 IS p»M« ar« 
(eplaoed. TboH Egorot ai * ' " .■ . - 



MO PRINCIPLES OF CHEMISTRY 

•omeUmat behi^ve with reaped to metallic oxides in exactly the nine 
manner at chlorine. Oaj-LuBtac, by igniting potassium carbonate in 
iodine vapour, obtained (as with chlorine) an evolution of oxygen and 
carbonic anhydride, K,CO| + It » 2KI -k- CO, + O, only the reac- 
tions between the halogens and oxygen are more easily reversible with 
bromine and iodine than with chlorine. Thus, at a red heat oxygen 
displaces iodine from barium iodide. Aluminium iodide bums in 
a current of oxygen (Deville and Troost), and a similar, although 
not so clearly marked^ relation exists for aluminium chloride, and showa 
that the halogens have a distinctly smaller affinity for those metals 
which only form feeble bases. This is still more the case with 
the non-metals, whroh form acids and evolve much more heat with 
oxygen than with the halogens (Note 13). But in all these instanoea 
the affinity (and amount of heat evolved) of iodine and bromine is less 
than that of chlorine, probably because the atomic weights are greater. 

fr^m obMrralions on the cblorickt of Li, K, Na, Ag (n« 1), Ca, 8r, Ba, Co, Ni, Hg, Pb 
(fi-9), Bi (n-8), 8n (fi-i), and Pa, (n-6). 

In thata datannioationt of Potilitsin we tee not only a brilliant confirmation of 
BarthoUet't doctrine, bat alto tlie Artt effort to directly determine the alBnitiea of 
•lemente by meant of ditplacement. The chief object of thete retearchee conaitted ia 
proving whether a ditplacement occort in thoee catet where heat it abaorbed, and in 
ihit inttanoe it thould be tbtorbed, becaote the formation of all metallic bromidea is 
attended with the cTolution of lett heat than that of the chloridea, aa ia eeen by tha 
flgnree given in Note 66. 

If the matt of the bromine be increated, then the amount of chlorine diaplaoed alao 
inoreatea. For example, if mattet of bromine of 1 and 4 eqoiTalente act on a molecole 
of todtom chloride, then the percentagea of the chlorine ditplaoed will be 6*06 pwc and 
19*46 p.c. ; in the action of 1, 4, 96, and 100 molecnlea of bromine on a molecole of 
barinm chloride, there will be ditplaced 7*8, 17*6, 86*0, and 46 p.c. of chlorine. If 
an aqoivalent quantity of hydrochloric acid act on metallic bromidea in doeed tnbea, 
and in the abtenoe of water at a temperature of 800°, then the percentagee of the tub* 
ititution of the bromine by the chlorine in the doable decompotition taking plaoe between 
nniralent metalt are inreraely proportional to their atomic weightt. For ezampla, 
NaBr-»-HCl givet at the -limit 91 p.c. of ditplacement, KCl 19 p.c and AgCl 44p.o. 
Batentially the tame action taket place in an aqaeout tolution, although the phenomenon 
It complicated by the participation of the water. The reactiont proceed tpontaneoualy in 
one or the other direction at the ordinary temperature bot at different nUet. In tho 
action of a dilute tolution (1 equivalent per 6 litret) of todinm chloride on tilrer bromidie 
at the ordinary temperature the amount of bromine replaced in tix and a half days ia 
9*07 p.0., and with potaatium chloride 1*6 p.c. With an exceat of the chloride the mag- 
nitnde of the aubttitution increaeea Thete contertiont alto proceed with the abeoxptkm 
of beat. The revene reaotiona erolTing heat proceed incomparably more rapidly, but 
alto to a certain limit : for example, in the reaction AgCl •)- RBr the following percentagea 
ef iflTar bromide are formed in different timea : 

06 190 

94*91 
96*40 -^ 

That ii, tha oouTeraiona which are accompanied by an evolution of beat prooead 
with vary mooh greatar rapidity thMn the raverae oonvanioaB. 
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Ttw mailer store of energy in iodine and bromine ia seen atfll more 
claBrt)r in the relation of the halugens to hydrogen. In a gaseous state 
Ihej all enter, with more or less ease, into direct combination witb 
gaseous hydrogen — tor example, in the presence of spongy plutiuum, 
forming halogen ocidi, BX — but the latter are tar from being equally 
stable ; hydrogen chloride is the most stable, hydrogen iodide the least 
so, and hydrogen bromide occupies ad intermediate position A very 
high temperature is required to decompose hydrc^n chlorjde.evcn par- 
tially, whilst hydrogen iodide ia decomposed by light even at the 
ordinary temperature and veryeasUy by ared bent. Hence the reaction 
1, + H, = HI + HI is very easily reversible, and consequently has » 
limit, and hydrogen iodide easily dissociates." Jud^ng by the direct 
measurement of the heat evolved (22,000 heat units) in the formation 
«f HCl, the conversion of 2HC1 into Hj + CI^ requires the expeuditar« 
•' Tht rttBoeuHcm e/ htdrioiUc aeid bu bsm stndifd in dstail b; HaDtsteditle ud 
iManint, tnu vhou nuuclm we aitiui (ha (uUoiFiiig iii[amatinn. The dMom- 
o ol bTdriodid scid ii dMided, bat proneds itoolj nl 180° ; Iha nU ud limit of 
iH of tempentDie, The re*arH KtioD — Ihil ia, I, + H| 
idar the iBflnoBe* at tponKj pUtinom (ConnwiDdei), 
mprwition ol hjdriodio uid, bah ftlia by tiMmil, ikUlidDgb 
ne mclioa nmAini the hdu with or without ipongj 
plAtiimtiL An iborflau of prfliBuifl liu a very powerfd] Acpfliflrttive efTecL on tha 
rate ol fonoihUcus of bydriwLc uid, utd tlmrofore HpoD^ plttinuiu bf condenBipg 
gfeWH hA3 tbo BUD4 effect M lucriKBV al preBsore. Al Ihe atioocpheric preflflnie Ih* 
dacHupMt-on of hjdfiodic uiid naehea the limit st £50° in BerotBl loonthi, uid wt 
M0° ia Hwil houni. The limit M XSD° ia •boui IS p,c of decompnition— that i^ 
out ol loo parta ol hjrdrogeD praviooBly combiaed io hydriodid acid, nhciit IS p.o- may 
b* diiengaged at thia temperaliue (thii bjdrv^en mnj be eaaily meaaared, and tba 
Buaanre ol dinociation deiarmined), but ao> mora; tha limit at U(f ia abonisep^ 
II ttw pnaaota under wblch JHl pa im ea into H]-!-!, be H atoiDipbarEa, than thstimil la 
fl4 px. ; under a preaaore ol ) 4tou»pbere the limit ia tt p,c, Tb« imall UiAaBqce of 
pnaanra on tha diuooiabon of b jdriodio acid (compoted witb N^u Chaplei Vt. Kola IS) 
ia doe to tha lact that the raaolion itHl = I.j + Hg ia not accompatiied bja ehan|f« at 
aolnme. Ia order to ahow the influenca of tima, wa will cita the UAiowing B^nna 
nfaniog to U0°: (1] BeacliDn H,j + 1,; after S boon, SH pf, 61 hydrogen tmained tiM ; 
Sboiin,eS p.c.l St bDaia,4e pc; 7B boon, U p^c; and B37 boon, 18-S p.c (i) Tb« 
nverse deemnpoHtion of ftHI : after bean, 8 pA ol bjiioneB waa ait tree, and attai 
UO hdun la's p.c^llu>t ia. tha limit wag raacbed. The addilion ol eiteaneoos 
hydrogen diEDiniiben tbo linrt of tbe raactioD ol decompoaition. or iniiniaan tha 
toRnation of bydriodic acid from iodine and hydrogen, a* would be vxpoeted Frora 
BanhoUet'a doctrinu (Chiller X.]. Thua at Ud" 3» p.e. (rf hydiudia acid ia decampowd 
if tharv be ao adnuxtora of hydroeeo, while if Hf be added, then at tl» limit only half 
4a Ulia a nuaa ol HI ia deoompoaad. Thenlore, if an inBnita maaa ol bydngen ba 
added ttieia will be no deoompoaition of the hydiiodio acid. Light aida tha deeompoulioB 
fit hydiiodio acid naj powaifnlly. At Ibe ordioaiy temperatere SO pj. in deomipoaeil 
■Oder the iaSoeDoa of light, whilst uodar Uie influeaca ol heat alooe tbia bmit cottkh 
qKmdawiUi a veiy hich temperatora. The diaUucl action of light, ipongy piatiaam. and 
<i uBparilisain glaaa (eipecially of aodiam anlphate, which decompoaaabydnodle acid), nol 
«aiIyno^Ui*iuT«atigationidi(9cii1t,bntalwtihow that in taaetiim* like SHI i^ I, + H, 
vldch an Meompsaiad by iLghl beat eOecta, all lonisnand leebla fnSnimnna may ilnmgiy 
" ■-■ (irthoaotiou(Sote»7). 
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of 44,000 heat unite. The decomposition of 2HBr into H, + Br, 
only requires, if the bromine be obtained in a gaseous state, a con- 
sumption of about 24,000 units, whilst in the decomposition of 2HI 
into Hj + I3 as vapour" about, 3,000 heat units are evolved ; ^ 
these facts, without doubt, stand in causal connection with the great 
stability of hydrogen chloride, the easy decomposability of hydrogen 
iodide, and the intermediate properties of hydrogen bromide. From 
this it would be expected that chlorine is capable of decomposing water 
with the evolution of oxygen, whilst iodine has not the energy to 
produce this disengagement,^^ although it is able to liberate the oxygen 
from the oxides of potassium and sodium, the affinity of these metals for 
the halogens being very considerable. For this reason oxygen, especially 
in compounds from which it can be evolved readily (for instance, CIHO, 
CrOs, &c.), easily decomposes hydrogen iodide. A mixture of hydrogen 
iodide and oxygen bums in the presence of an ignited substance, forming 
water and iodine. Drops of nitric acid in an atmosphere of hydrogen 
iodide cause the disengagement of violet fumes of iodine and brown 
fumes of nitric peroxide. In the presence of alkalis and an excess of 
water, however, iodine is able to effect oxidation like chlorine — that i», 

^ The thermal determinations of Thomsen (at 18^) gave in thousands of calories, 
C1 + H« -f 2a, HCI-t-Aq (that is, on dissolving HCl in a large amount of watery ■ +17*8, 
and therefore H -4- CI + Aq ■ -t- 89*8. In taking molecules, all these figures must b« 
doubled. Br4-H-<+8'4; HBr -t^ Aq « 199 ; H + Br -^ Aq - + 28*8. According to Bar- 
(helot 7'3 are required for the vaporisation of Br^, hence Br^ + Ha^alS'S + Til" +84, 
if Br) be taken as vapour for comparison with CI3. H + I«-6'0, HI •(-Aq* 19*8; 
H + I + Aq« +18*8, and, According to Berthelot, the heat of fusion of I^* 8*0, and of 
vaporisation 60 thousand heat units, and therefore I3 + H2- -2(6*0) -(-8+ 6 « -8*0, if the 
iodine be taken as vapour. Berthelot, on the basis of his determinations, gives, however, 
+ 0*8 thousand heat units. Similar contradictory results are often met with in (faerxno- 
chemistry owing to the imperfection of the existing methods, and particularly the 
necessity of depending on indirect methods for obtaining the fundamental figures. Thus 
Thomsen decomposed a dilute solution of potassium iodide by gaseous chlorine; the 
reaction gave + 262, whence, having first determined the heat eflfects 6f the reaotiona 
KHO + HCl, KHO + HI and CI •>- H in aqueous solutions, it was possible to find H -t- 1 + Aq ; 
then, knowing HI + Aq, to find I + H. It is evident that unavoidable erroti maj 
accumulate. 

^ One can believe, however, on the basis of BerthoUet's doctrine, and the obser- 
vations of Potilitzin (Note 06), that a certain slow decomposition of water by iodine 
takes place. On this view the observations of Dossios and Weith on the fact thai the 
■olubility of iodine in water increases after the lapse of several months will be comprehen- 
sible. Hydriodic acid is then formed, and it increases the solubility. If the iodine be 
extracted from such a solution by carbon bisulphide, then, as the authors showed, after 
the action of nitrons anhydride iodine may be again detected in the solution by means o^ 
starch. It can easily be understood that a number of similar reactions, requiring much 
time and taking place in small quantities, have up to now eluded the attention of inres* 
tigators, who even still doubt the universal application of BerthoUet's doctrine, or only 
see the thermochemical side of reactions, or else neglect to pay sttention to the element 
of time and the influence of msss. 
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ter ; the action is here aided bjtheafBnity of hydrc^[en 

iodide for the alkali and water, just as sutpburic acid helps zinc to decom- 
pose water. But the relative instability of hydriodio ftdd is beat seeD in 
comparing the acids in ■ gaseous state. If the halogen acids be dissolved 
in water, they evolve so much heat that they approach much nearer 
to each other ia properties. This is seen from thermocheniioal . data, 
for in the formation of HX in BOlation (in a targe excess of water) 
fromtheyciMonselementB tbore is ero(ne(iforHCl 39,000, for HBr32,0OO, 
and for HI 18,000 heat unite.'" But it U eapecinUy evident from 
the tact that aolntiona of hydrogen bromide and iodide in water have 
many points in common with solutions of hydrogen chloride, both in 
their capacity to form hydrates and fuming solotioaa of constant boiling 
point, and in their capacity to form haloid salta, ko. by reacting on 

In consequeQce of what has been said above, it follows that hffdro- 
bromie and hydriodic aejdi, being aabstancea which are but slightly 
■table, cannot be evolved in a gaseocs state under many of those condi- 
tions under which hydrochloric acid is formed. Thus if svdphurio acid 
in solution acts on sodium iodide, all the same phenomena take plaoo 
oa with sodium chloride (a portion of the sodium iodide gives hydri- 
odic add, and all remains in solution), but if sodium iodide be mixed 
with strong sulphuric acid, then the oxygen of the latter decompose* 
the hydriodic acid set free, with liberation of iodine, HiSO^ + 2III 
= 2HjO + 60, ± I,, This reaction takes place in the reverse direction 
in the presence of a large qvantily of water (3,000 parts of water per 
1 part of SO^), in which case not only the affinity of hydriodic acid for 
water is brought to light butalsotheoctionof water in directing chemi- 
cal reactions in which it participates." Therefore, with s halogen salt, 
itr is easy to obtain gaseous hydrochloric acid by the action of suiphurio 
acid, bat neither hydrobromie nor hydriodic add can be so obtained in 
the free state (as gases).'' Other methods have to be resorted to for their 
preparation, and recoursemostnotbehad to compounds of oxygen, which 
are so easily able to destroy these acids. Therefore hydrogen sulphide, 
pboiphonis, 4o., which themselves easily take up oxygen, are introduced 
tM means for the conversion of bromine and iodine into hydrobromie and 
hydriodic acids in the presence of water. For example, in the action of 
phosphorus theesaenoeof the matter is that the oxygen of the watergoe* 
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to the phosphorus^ sad the union o( the remaining elements leads to the 
formation of hydrobromic or hydriodio acid ; but the matter is oomplicate4 
by the revereibiiity of the reaction, the affini^ for water, and other 
circumstances which are understood by following Berthollet's doctrine. 
Chlorine (and bromine also) directly decomposes hydrogen sulphide^ 
forming hydrochloric acid and liberating sulphur, both in a gaseous form 
and in solutions, whilst iodine only decomposes hydrogen sulphide in 
weak solutions, when its affinity for hydrogen is'aided by the affinity of 
hydrogen iodide for water. In a gaseous state iodine does not act 
on hydrogen sulphide,^' whilst sulphur is able to decompose gaseous 
hydriodio acid, forming hydix>gen sulphide and a compound of sulphur 
and iodine which with water forms hydriodic acid.^^ 

If hydrogen sulphide be passed through water containing iodine, the 
reaction H^ + It » 2HI + S proceeds so long as the solution is 
dilute, but when the mass of free HI Increases the reaction stops, 
because the iodine then passes into solution. A solution having a 
composition approximating to 2HI + ^I] + OHjO (according to 
Bineau) does not react with H^S, notwithstanding the quantity of free 
iodine. Therefore only weak solutions of hydriodic acid can be 
obtained by passing hydrogen sulphide into water with iodine.^^ ^ 

To obtain ^^ gaseous hydrobromic and hydriodic acids it is most 

^ This is in agroement with the th^rmoohemical dat&, because it all the aabstanoM 
be taken in the gateoas state (for Bulphar the heat of fusion is 0*8, and the heat of 
▼aporisation 9'8) we have JIj + S -> i'7 ; H^ + CI9 » 44 ; H^ + Br, » 24, and .H3 + It "^ 
—8 thousand heat usite ; hence the formation of H3S gives less heat than that of HCl and 
HBr, but more than that of HI. In dilute solutions H^ + 6 + Aq >: 9'8, and consequently 
lesa than the formation of all the halogen acids, as H3S evolves but little heat with 
water, and therefore in dilute solutions chlorine, bromine, and iodine decompoM 
hydrogen sulphide. 

f* Here there are three elements, hydrogen, sulphur, and iodine, each pair of whidk 
is able to form a compound, HI, H^S, and SI, besides which the latter may unite in 
Tarious proportions. The complexity of chemical mechanics is seen in such examples at 
these. It is evident that only the study of the simplest cases c4n give the key to the 
more complex problems, and on the other hand it is evident from the examples cited ia 
the last pages that, without penetrating into the conditions of chemical equilibria, it 
would be impossible to explain chemical phenomena. By following the footsteps of 
Berthollet the possibility of unravelling the problems wiU be reached; but work in 
this direction has only been begun during the last ten years, and much remains to b« 
done in collecting exx>erimental material, for which occasions present themselves 
at every step. In speaking of the halogens I wished to turn the reader's attention to 
problems of this kind. 

T4 bit xhe same essentially takes place'when sulphurous anhydride, in a dilute soldo 
tion, gives hydriodio acid and sulphuric acid with iodine. On concentration a reverse 
reaction takes place. The equilibrated systemr and the part played by water are every- 
where distinctly seen. 

Y* Methods of formation and preparation are nothing more than particular cases of 
ohemioal reaction. If the knowledge of chemical mechanics were more exact and com- 
plete than it now is il would be possible to foreteU aU cases of preparation mth everff 
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cDnvenient to take advantage of the reactiou! between phoaphoma, 
the babgons, and water, the latt«r being present in smalt quantity 
(otherwiEe the halogen acida formed are dissolved by it) ; the 
halogen is gradually added to the pliosphorue moistened with water 
Thus if red phosphorus be placed in a flask and moistened with 
water, and bromine be added drop by drop (from a tap funnel), bjdro- 
bromio acid is abundnntly and uniforinlj disengaged.'^ Hjdrogeo 

dttail (ol thg qiuntitT ol w&tgi, Ifunpentat*, pronaDtc, mug, &c,) The sttdj ol 
pnctiol meUiodi oI prepuatian U tlwnlore ods ol Ihe [AtliB tor the itod; at Dliemkal 
DwchamcB. Tbo reiKlioii ol iodma od phoAphoraA and wttet is % c4«e liko tbat men- 
tioDcd in Note Tl, uid Uis nuttar i> here fniUmr complksMd by Ifae pouibilitj of the 
IdRnation of the compamid PH, mlh HI, umll H the pRidDDtiun of Pl^ PI„ md the 
■ffinily ot hTdriodio mid and the mud* of phosphonii fur water. The (hsorotltail 
iulenat dI oqnilibria in oil Uisir lompleiit; is nitiinJIir Teiy glut, bat it laUi into tha 
bukgnnnd la preaence ol the plinuu? istcnet of diKOTering pmctical metbodi for Ihs 
ieobtjon of tnbatwioei, and the meeoB of employing them lor tho Kqnirements ol mui. 
It li onlj alter the utiilaclloD ol these requiiemellts that intereals of the other order 

whilit oaulderlng it opportane to point oat the theoretical Inlereit of nhemica) 
vqnnibrlOk the chief attention of the reader ii directed in thJB work to qoeBtiona ot 
pneticsl importwioe. 

^^ Hjdrobroniio acid ie elso obtained by the action of bromine oit paraffin healed 
to 1B0° Gaitavfton propOBed to preporo it by the actiou ot bromine (beat added in 
drop! logcthei with trocei ol aluminium bioiuide) on aDthreeene (a lolid hf dtocorboD 
fium cool tiu). Bolord prepared it b; pueing biomine Taponr oter moist pie«i of 
eommoD phDB[>bom>, The liquid tribicnudo ol pbmpbDnifl. dinxtly obluinBi) Irani 
phoapfaoms and bromine, ako gives Lydrobromio acid when treated with water. Bro 
mide of potauiiuD or lodium, wheh treated with Holpbuiio acid in tho presence ot 
phospboran, sIbo gives hjdrDbromie acid, bat hjdriodio odd ia decompoBed by this - 
method. In order to tree hydrobrboiic acid ham bromine vapour it is passed over moist 
and dried either by pbosphorie onbydiide or onJcinm bromido (calcium 
nnot bo OBod, ae hydrochloria scid would bo formed). Nsithor bjdtobroaiia 
Dor hydriodio acids cut be ooUectod oier mercury, on which they act, bnt they 
may be directly coUccled in a dry vsbboI by leading tho gBB-cos ducting tobe (a the 
bottom at tlie veeBel, both gaaea being mach heavier tbsA air. Uera and Holtrmann 
(IS8D) propose la prepare HBc directly trom bromine and hydrogen. For this porpou 
pnre dry hydrogen is passed through a flask contuning boiling btomino. Tho miitare 
of g»s and Tspoor then passes throogh ■ tube provided with one or two bulb*, which 
is heated moderately ia the middle. Hydrobromio add is lormed wiUk a oeriee of Aaahea 
at Ibe put healed. The mnllaot HBr, logoUier with tnees ol bromine, panes into ■ 
Voolte'e bottle into which hydroga ia olao mtrodooed, and tlie miitnn ia than oanied 
Uuough ooathet heated tuba, alter whieh it ia peaBsd Uuongh wotet whloh dluolve* (taa 
bydrobromio aeid. Aooording to the method proposed by TfewUi (ISM) a mixture of 
bromina and hydrogen is led throDgb a tube oontwning a platinum quial, which ia 
,bea.ted to redness after the air hoe been displaced from tho tube. U theveosel cou- 
taining the bromine bo kept at fiO^, Uie hydrogen tokss up almost the theoretical amoont 
rot bromine requirod for the formation of HBr. Although the flame which appeon in the 
pelghboaihood ot the platinum tinral does not penetrateinto the vouel ooi ' ' 
bromine, aliU, for safety, a tube filled with ootton wool may be inleiposed. 

Hydriodie aeid ia obtained in the earns manner aa hydrobromio. The iodine U beoled 
Is ■ imall fioak, and i(a vapour is carried orar by hydrogen into a stiongly heated tab*, 
ig from the tnbe is fonnd to eonhuo a nonsiderable amount of HI, togeths 
« lt«o iodina. At a low rnd heat about 17 pji at ti« iodine vapour eaten 
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iodide U prepared by adding 1 pftrt of common (yellow) dry phoEphoms 
to 10 parts of dry iodine in a gloss flask. On shaking the flaak, 
union proceeds quietly between them (light and heat being evolvod), 
&nd when the mass of iodide of phosphoroa which is formed htM 
cooled, water is added drop by drop (from a. tap funnel) and hydrogen 
iodide is erolved dii«otly without the aid of heat. Those methods of 
prepnr&tion will be at once nnderstood wheri it is remembered (p. 468) 
that phosphorus chloride gives hydrogen chloride with water. It W 
exactly the some here—the oxjg€b of die water paMea over to tbs 
phospfaoms, and the hydrogen to the iodine, thus, FI, 4- SH^O 
= PHjO, + 3HI." 

In a gaseous form hydrobromic and hydriodic aeida are cloeelj 
analogons t« hydrochloric acid ; they are liquefied by pressure And cold, 
they fume in the air, form solutions and hydrates, of constant boiling 
point, and react on metAU, oxides and salts, ^ '^ Only the relatively 



: It B. higbct temperal 



9, TS pji. to TO p.0. , tod at s (troDg Ikcal 
required for ' tbe fornuboii of 



taila AonbiBstuf 
iboatsapA). 

" Bat gDDiiraJlj men ptioBphotod is tdhan ILaq n 
Tli,hrcKate oVkmrlie * fortioB 61 tbt iodine iiilHioi 
cl iodtd« b« tftkeDt moch phoBpliinuaia Iodide, PH4I, iB fi>nnBd. Thia proportioit 
vu eBtsbliibod bj Gij-Lnmnc uid-Kolbe. Hjdriodia acid i) Cto prrpurod in nunj 
otbOT m^d. BuoMitt diflfaJvce two parts of loduw in ono part of a prcvroiuly prapar«(I 
■troag (fp- gt^ I'flT) BOlutioTi oF bfdriodio acid, and poora it on to red pbodphoma in m 
ralorL Panomio takes a mixtnro of firtacn porta 6{ wat«r, t«n of iodine, and one of nA 
pfaoapborDSivhich, idunlwatodidlsengagaAbjdnodicBcId mixed vilhiDdiDe vaponr ; tli* 
laMern removed bfpauingitOTsraioiit phoapfaDraB(NutaTfl). Ilmoiilbe mmembeced 
hmmar thai nverse reaction (Oppenbeim) may lake plane botweon tho bydriodin aeiJf 
and phoBphona. in whiob the compoondB PH^I and PLj are formed. 

It abodld be obacrved that Ibe ruotion between phoaphoraa, iodina and nler 
mnat be carried onl in Ike above {mTportioBa and with emtion, u Uiey may mtel irilb 
coplaeion. With ndpboB|ADniB the mctiopjiroceedaqDJolIyibut neverthalaa n^Dires 

L, Heytr ihairad that with an eioeaa of iodine the reaclron pnxeedi wilhonl tba 
tatmatiimD(bye-prDdiKt9(PHtI),accardiDElalheeqDatJDoP4-fiI-itH,0'^PH,0t+SHL 
FloT Ihia porpofe 100 grama of iodine and 10 grama of water are placed in a retort, and a 
paate of V (Tsraa of red phoaphoni'' and 10 gnmi of water ii added liltla by litlje (at Bnl 
witli great eare). The hydriodio add may be obtained trvo Erora iodine by directing tba 
Back of ibe retort npwardi and eanuDg (hs goa to fOJm throogb a ahallow layer of walat 
(nipecling the tonDatioii of HI, let alao Note 4S). 

" The apMltc gravitiea of Ihait folnliinB aa diiloitd ^y mo cd Ib^ baeia of TopiSs 
Bsd Berllwlol'a detenmaaUeiiB tot If J«° are u toDowa:— 
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Bydrabnnnia acid fonna two bydratet, EBr,aE^ and HBr3/), wUcb hava baao 
MadM by Beoaeboom with aa mocb completenoi >e Hbt bjitaiB at fardnKbtorio acid 
(Cbspte X. Rot* 37). 

Vrab w a h tlEe rilnr, aoliitiona of hydriodio acid give bjdKigiis -rUb great t»m, 
fenfafrfhariodtdB, Xamiry, load, and other laetala act in a ilmilai maiuisr. 
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decomposabilitjr of hydrobromic acid, and especially of hydriodia 

.«oid, clearly diatiaguisb these aoida from hydraclilorie ncid. For this 
hjdriodio acid acts in a uumber of cases as a deoxidiser -or 
, and frequently even serves as a means for the transference of 
hydrogen. Thus Berthelot, Baeyer, Wreden, and others, by heating 
unsaturated hydrocarbons in a solution of bydriodic acid, obtained their 
compounds with hydrogen nearer to the limit O.H,.,, or even tha 
saturated compounds. For example, beiuene, CuH^, when heated in a 
closed tube with a strong solution of hydiiodic acid, gives bexylene,, 
CgH,]. The easy decomposability of hydriodic acid accounts for tha 
fact that iodine does not act by metalepsis on hydrocarbons, for the 
hydrogen iodide liberated with the product of metalepsis, RI, formed, 
gives iodine and the hydrogen compound, RH, back again. And there- 
fore, toobtain the prodnets of iodine substitution, either iodic acid, HIO, 
(Kekul^), or mercury okido, HgO (Weselaky), is added, as they imme- 
diately react on the hydrogen iodide, thus : HIOj + 5H1 = 3H,0 4- 3Ii, 
or, HgO + 2HT = Hgl, + H,0. From these considerations it will 
be readily understood that iodine acts like chlorine (or bromine) 
on ammonia and sodium hydroxide, for in these cases the hydriodic 
acid produced forms NH,I and Nal. With tincture of iodine 
or even the solid element, n solution of ammonia immediately forms 
a highly -ex plosive solid black product of metalepsis, NHI„ generally 
known as iodide at nilrogen, although it still contaias hydrogen 
(this was proved beyond doubt by Ssuhay 1893), which may be 
replaced by silver (with the formation of NAglj) : 3NHj + 21, 
= 2NH,I +NHI1. However, the composition of the last product is 
variubte, and with an excess of water NIj seems to^be formed. Iodide 
of nitrogen is just as explosive as nitrogen chloride.'* *'■ In the 

70 hl> Iodide ol nittogen, NHI3 in obUined u a brown pulverulent predpitaLfl on addinf 
B Bdlntlon of iodiao (In itcobol, for instuiee) ta> tolution ct unmonlL If it bo coUeclad 

il Mplodei violently, to Uiat it eui oaij be eiperimeQt^ d|ioii in soull quutitiw. 
UaueJly the filter-papeE is torn into bitt while iiioia(, nnd the piecei tiiid apoD a brick : 
OB drying &n eiplowoo proceeds not only from friction or m blow, but eren tponhinoooaly. 
Tbo more dilute tbe solutioa of unnionis, tbe greater ii tbe imooDt ol iedins rsquirtd 
f«tb«lonD>lianDt the precipita,te ot NHI]. A iev IcBiperetiire fscilititea ita tomiitioD. 
NHIi diuolves in uumonla water, and when heated tbe ulntiDa lonaa HlOj and iodine. 
With KI. iodide of nittogen gives iodino, NHj and KUO. Theie renationi [SeliraDOir) 
ara explained by the lormatiOD ol HIO from NHIi-raH]0-NHs*3HIO— and then 
SI+mO>-I,+KHO. SeUvtnofI (nw Nats !B) vwtUy obierred a tfunpotarr lor- 

htn tbe rormatioDotNHI, is preceded bjtbat ot HIO— >.«. Orit I,-l-H,0-EIO + HI, 
and then not onl)- tbe HI combine! with »Hj, but also SHIO + NH]^NHI,+1H,0. 
With dilute Bulpbaric acid iodide of nitrogen (\Ae NCI3) lorma bypoiodoni aeid, but It 
' UDidialely |WMn into iodic acid, as is expressed by (he equation eHI0^3lQ + HIO] 
JHjO (Gnt BHIO - HIOj ♦ aHI, and then HI + HIO -I,-. HjO). MoreoTcr, aeUTanofl 
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•etkm of looine on sodium hydroxide no bleaching compoond is Ibrmed 
(whilst bromine gives one), bat a direct reaction is always accomplished 
with the formation of an iodate, 6NaH0 + SI, = 5NaI + 3H3O + NalO, 
(Oay-Lossac). Solutions of other alkalis, and even a mixture of water 
and oxide of mercury, act in the same manner.^^ This direct formation 
of iodic acid, HIO3 s I03(0H), shows the propensity of iodine to give 
compounds of the type IX5. Indeed, this capacity of iodine to form 
compounds of a high type emphasises itself in many ways. But it is 
most important to turn attention to the fact that iodic acid is easily 
and directly formed by the action of oxidising substances on iodine. 
Thus, for instance, strong nitric acid directly converts iodine into 
iodic acid, whilst it lias no oxidising action on chlorine.^ *^ This 
shows a greater affinity in iodine for oxygen than in chlorine, and this 
conclusion is confirmed by the fact that iodine displaces chlorine from 

foiuid thai iodide of nitrogen, NHI^ disaolvM in an azceM of ammonia waler, and thai 
with potaBsiom iodide the solution gives the reaction for hypoiodons acid (the evolutiott 
of iodine in an alkaline solntion). This showt that HIO participates in the formatioa 
tod decomposition of NHI3, and therefore the condition of the iodine (its metaleptio 
poestioo) in them is analogoos, and differs from the condition of the halogens in the 
baloid-anhydrides (for instance, NO^Cl). The latter are tolerably stable, while (the 
haloid being designated by X) I^HX^, NXj, XOH, RXO (#00 Chapter XIH. Note 4S), &o^ 
am unstable, eaaUydecompoeed with the erohttion of heat, and, onder the action d 
water, the haloid \m easily replaced by hydrogen (Selivanoff), as would be expected in 
true products of metalepsis. 

** Hypoiodons acid, HIO, is not known, but organic compounds, RIO, of this type 
am known. To iUnstrate the peculiaritiea of their properties we will mention amm 
of these compounds, namely, iodOiobenzolf CtH^O^ This substance was obtaiasd 
by Willgerodt (1802), and also by V. Meyer, Wachter, and Askenasy, by the action 
of caustic aflcalie upon phenoTdiiodochloride, C^HftlClj (according to the equation, 
0«H»ICls + aMOH « CaHtIO + aMCl -f HaO). Iodo6oben2ol is an amorphous yeUow sub- 
stance, whose melting ]^Unt could cot be determined because it explodes at ftl<P»J 
decomposing with the evolution of iodine vapour. This substance dissolves in hot water 
and akohol, but is not soluble in the majority of other neutral organic solventSk If j 
acids do not oxidise C^H^O, they give salino compounds in which iodosobenaol appeen 
as a basic oxide of a diatomic metal, C«H«L Thus, for instance, when an acetie aeid 
solution of iodosobenxol is treated with a solntion of nitric acid, it gives large monoclinte 
crystals of a nitric acid salt having the composition C«HsI(NOa)s (like Ca(NOs)^ 
In appearing as the analogue of basic oxides, iodosobenxol displac^lodine from potsssinrn!* 
iodide (in a solution acidulated with acetic' or hydrochloric acid)— »,«. it acts with its 
oxygen like HCIO. The action of peroxide of hydrogen, chromic acid, and other similar 
oxidising agents givoi iodoxybenzol, CfiH^Os, which is a neutral substance — i^. incapable 
of giving salts with acids (compare Chapter XUL Note i&), 

19 hu Tbe oxidation of iodine by strong nitric acid was disioovered by Connell; Milloo 
howed that it is effected, althou^ more slowly, by the action of the hydrates of nitria 
acid up to HN03,H20, but that the solution HNOj,2H40, and weaker solutions, do noa 
oxidise, but simply dissolve, iodine. The participation of water in reactiona ia seen ia 
this instance. It is also seen, for example, in the fact that dry ammonia comWn— 
directly with iodine — for instance, at 0^ forming the compound l9,ANHf— whilst iodide oC 
nitrogen ia only fonned in presenoe of water. 
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ha oijgen acids," and that in the presence of water cblortoe oxidises 
I Iodine.*' Even oEoce or a silent discharge passed through a mixture ol 
oxygen and iodine vapour ia able to directly oi^dise iodine "' into iodio 
Acid. It is disengaged from solutions ai a hydrate, UIO,, whiuh loae4 
water at 170°, and givea an anhydride, I]Oj. Both these substances 
ire oryEtalline (sp. gr. IiO, 5-037, HIO, *-869 at 0°), colourless and 
soluble in wat«r ; " both decompose at a red heat into iodine and oxygeD, 
ut in many cases powerfully oxidising — for instance, they oxidise snl- 
phurouB anhydride, hydrogen sulphide, carbonic oxide, die. — form 
chloride of iodine and water with hydrocbtoric acid, and with bases 
form salts, not only normal MIOj, but also acid ; for example, 
KIOjHIOj, KI0,2HI0j." »!■ With hydriodic acid iodio acid imme- 
diately reacts, disengaging iodine, HIO, + SHI = 3H,0 + 31,. 

^ Bromm« kIvo diBplocca chlarine— for ihiUoct, tmro chloric %£lA, direcdf formijif 
lironuo bid/ If & lolutioD of poUssium <;hlc>nt« h* Ukfn (Tfi pul4 per i09 parU of 
r Vfttei). ud iodina be kdded to it (SO put>), imd ilieo ■> mull qoutitr ol nitrio Mid. 
I flhlorine it difiOngBgad on boiling, and poUuiiua iod&to ii formad in Ut« boIdUod. In 
Ihii iiutuioe Uw nitrio idd ficM evoliu ^ certuia portion ol the rhlorio icid, mi tho 
Ull«r, with tha iodina, «vol>« chlorine. The iodio ncid Ihui formed ut> on ■ lurthst 
qnulitj ol th» polHtion cMonte, Hta ft portion of tha chloric acid Itm, uid in (his 
Duuer Uu action ia kept op. Fotilitiin (IB87) nmuIiDd. howarer, that not onl; da 
bromine and iodiae diapiaoa the shiorina from chloric uid •.□d potauiom chlorate, bnl 
olao chlorine diapUcea bromina trom aodjiun bromftte, and, furthermore, (ha Traction doaa 
W>t ptooaed aa ■ direct aDbatitBtiaD of the halogens, bat ia accompanied by tlie foimation 
«1 free acida ; tor eumple, sHaCtO, + SBr, + SH]0= GNaBr-f SHClOj ■^ HBrO,. 

■■ II isdina be etirred op Ln water, and chlorine puaed tbroogh Ihs mittore, the iodlM 
I* diasolvad ; Iha liqaid becomee colonrleaa, and containa, a«coidiiig to tha letattTS 
uunotaot water and cUerina, either IHCI^ or IClj, or BIO,. If thai* b« t email amooal 
«t water, then tha iodic acid ma)' aeparata out directly ai cryatali, but a ccmpleta ooo- 
Yoraion (Bomnmaoo) only ocoora when not kaa than lea parte ol water ara tAkea to 
one part ol iodine— ICl -f aH,0 * SCt, - IHOj + sHCt. 

a> Schonebein and O^er prored t1u&- Ogior found that at 4G° oeodo immediatclj 
<iiidLaee iodine raponr, forming fitit of all tha oaidB LjOj^ which ia decomposed by tratar 
«r on beating into iodis anhydride and iodine. Iodic acid ia fonned at the poaitive pal* 
when a aolation ol hydriodio acid ia decompoiad by a giJvanic caiTeat (lUeba}. It ia 
alao Formcpd in the combustion of bydrogan miiedmntb a email quantity of hydriodio acid 
(Salel). 

•I Kliinmerer ibowed that ■ eolation of >p, gr. 3117 at 11°, containing 1HI0],9B,0, 
•sUdiGedcomptatelyinthecold. On comparing tolotion) HI -fnHiO with HI0,4-niEgO, 
-we Bnd that tha apeciBa grarily incraaua but the voluaie decreaaea, whilat in Iha 
paaaaga of ulnlioni UCI-i-mH/> to HClOj+mH^ both the apcciGc gravity and tha 
Tolnme incceaac, which ia alao 6baemtd in certain other caaea (for example, BiPO] aod 
B^O.). 

»»!■ Ditto (18MI obtained many iodatoa of great variety. A neutral aalt, ^{LilOslH^ 
la obtained by eataraling ■ aolation of lithia with iodic acid. There ia an aoalogooa 
•mmonilim aall, ](N1I,I0,)H,0, He alio oblaiuod hydratea ol a more complat oom- 
pwtion, each aa SfNBiTOjlHjO and 01NHiIOj)3H:O. Sa!u of tha alkaline earth), 
BaflOiJiHjO and Sr(rO,) ^0, may be obtained by a reaction of daobte decompoiitioii 
from tho Domial aalta ot the type a(U«IOi|H,0. When aiapoiated at T0° to 60° with 

•Oabaa iodata pi«eipiUlea ZaQOiKiHiO. An anhydroua ult it thrown oat it ni&to 
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A« with chlorine, so with iodine, a periodic acidy HIO4, it formed. 
This acid is prodnced in the form of its salts, by the action of chlorine 
on alkaline solutions of iodates, and also by the action of iodine on 
chloric acid.^^ It crystallises from solutions as a hydrate containing 
2HaO (corresponding with HC104,2HaO), but as it forms salts con- 
taining up to 5 atoms of metals, this water must be counted as water 
of constitution. Therefore I0(0H)5 = HI04,2H20 corresponds with 
the highest form of halogen compounds, 1X7.^^ In decomposing (at 

add be added to the solutions. Analogous salts of cadmium, silver, and copper ghrs 
eompounds of the type SMelOs4NH3 and Me"( 103)^4 NHs, with gaseous ammonia (Me' 
and Me" being elements of the first (Ag) and second (Cd, Zn, Cu) groups). With ui 
aqueous solution of ammonia the above salts give substances of a different composition, 
such as Zn(103)3(NH4)80, Cd(IOs).j(NH4)aO. Copper gives Cu(IOs)34(NH4>90 and 
Cu(I03)a(NH4)20. These saltt may be regarded as compounds of IfO«, and MeO and 
(NH4)90; for example, Zn(I03)2(NH4)90 may be regarded as ZnO(NH:4)30l30ft, or, aa 
derived from the hydrate, I3OA8H3O - fi(HI03)H:20. 

^ If sodium iodate be mixed with a solution of sodium hydroxide, heated, and chloria* 
passed through the solution, a sparingly soluble salt separates out, which corresponds, 
with periodic acid, and has the composition Na4l30^8H30. 

6NaBO 4 3NaIOs + 4C1 - 4NaCl + Na4l«0o 4- 8H3O. 
Tills compound is sparingly soluble in water, but dissolves easily in a very dilnW 
solution of nitric acid. If silver nitrate be added to this solution a precipitate is formad 
which contains the corresponding compound of silver, Ag4l30o,8HsO. If this sparingly 
soluble silver compound be dissolved in hot nitric acid, orange crystals of a salt having 
the composition AgI04 separate on evaporation. This salt is formed from the preceding 
by the nitric acid taking up silver oxide~Ag4l309 + 2HN03>=2AgN03 + 2AgIO4 + H3O. 
Tlie silver salt Is decomposed by water, with the re<formation of the preceding salt, 
whilst iodic acid remams in solution — 

4AgI04 + H9O « Ag4lsOo + 2HIO4. 
The structure of the first of these salts, Na«IaOe,3H30, presents itself in a simpler 
form if the water of crystallisation is regarded as an integral portion of the salt ; the 
formula is then divided in two, and takes the form of IO(OH)9(ONa)3 — that is, it answecp 
to the type lOX^, or IX7, like AgI04\which is lOs(OAg). The composition of all tiae 
salts of periodic acids are expressed by this type IX7. Kimmins (1880) refers all 
the salts of periodic acid to four types — the meta-salts of HIO4 (salts of Ag, Cu, Pb), 
the meso-salUof HsIOa (PbH, Ag,H, CdH).the para-salts of H«IO« (Na,H3, Na3H3), and 
the di-salts of 'U^O^ (K«, Ag^, Nia). The three first are direct compounds of the type 
1X7, namely, lOs(OU), I03(OH)3, and I0(0H)3, and the last are types of diperiodio 
•altt, which correspond with the type of the meso-salts, as pyrophosphoric salts coxre- 
•pond with orthophosphoric salts— t.e. 9H«l0|-H90-H4l«09. 

** Periodic acid, discovered by Magnus and Ammermttller, and whose salts were 
afterwards studied by Langlois, Bammelsberg, and many others, presents an example off 
hydrates in which it is evident that there is not that distinction between the water off 
hydration and of crystaUisation which Was at first considered to be so clear. In HC10,2H(0 
the water, 9H3O, is not displaced by bases, and must be regarded as water of crystalliaa> 
tion, whilst in HI04,aHaO it must be regarded as water of hydration. We shall after- 
wards see that the systeoi of the elements obliges us to oonsider the halogens aa 
subetances giving a highest saline type, GXf, where signifies a halogen, and X oxygen 
(OaJ^a), OH, and other like elementa. The hydrate IO(OH)» corresponding with manj 
of the salts of periodic acid (for example, the salts of barium, strontium, meronzy) doea 
not exhaust all the possible forms. It is evident that various other pyro-, meta-, fto., fonna 
are possible by the loBsof water,as will be more fully explained inipeaUng off phoephorio 
acid, and aa was pointed oat in the preceding note. 




200°) or acting at an oxidiser, periodic CLcid first gives iodic add, bnt it 

ma; also be ultimately decomposed. 

CoDipoaDds formed between chlorine aod iodine must be claised 
Among tfae inont intercBtiog halogea bodies.*' Tbese etcTaent« com- 
bine together directlj with evolution of heat, and form iodine 
m07U>elitoTide, ICl, or itxiine IrirMoride, ICIj.*' As water rencls on 
t substances, forming iodic acid and iodine, they have to be pre- 
pared from dry iodine and cblorioa*' Both substances are formed in a 
number of reactions ; for example, by tho action of aqua rogia on iodine, 
of chlorine on hydriodic acid, of hydrochloric acid on periodic acid, of 
iodine on potassium chlorate (with the aid of heat, iic.) Trapp obtained 
iodine monochloride, in beautiful red crystals, by passing a rapid 
current of chlorine into molten iodine. The monochloride then distils 
over . and solidifies, melting at 27° By passing chlorine over the 



loed [or 



nigi 



aspect to hTdrogfln, t 
Kt longlh Uic 



l9 Ol b»l 



Thib la tliD giwt u 



" Tbej wen holb obuined b; Giy-LoEUa ajid muiy oUiptd. Becent dilk trapod- 
ing iodine nunachlorldc, ICl, sctireljr conflrm the nuiDBnina obiemtioiu of Tripp 
(leGt). Bud sTsa eonfinn hn sUtement u lo the aiiatence of t*o isomeric (liqaid aad 
e[7«tiiUiiut| tormt (Blactenbeker). With i. imiUl oioch of iodine, iodine monochloride 
rem^Di liquid, bnl in tha pTeacnce of Iruei of iodine triohlotidD il euaily cryaUlliHi. 
Tuutac (IBflaj ahowed th*k of Iha two modiflcationa of ICl, one ia ateble. and melta at 
S7°; vrhiteUleDlhoT.ThicbeBail;puseBinlolheflrBl,aiidis[oniii<diDtheabaenciiof ICIh 
meltl at 14°. BchUUeaberger emplifled tbo data concerning tho action of nter on Ihl 
ohiotidea (Note BB), and ChcimtoinuDS gsTe the fullest data regarding the trichloride. 

Altar being kept lor aome time, the liqaid mODochloride of iodine jielda lad daliqqe^ 
csnl octahediB, having the Bompoaitioo ICl,, irhicb an therefore formed from the mono- 
ehloiidnwlth thelibiration of free iodine, which digaolieaiDlbaiemuniiigiiiiwititjol the 
monochlorida. Thia Babatanee, howeTer, jndgiDg bj colUin obaarTattaoa, ia impuie iodine 
IrinhloTide. 11 1 part of indina be Btirr^ ap in 10 parta of water, and chlorine be peiHd 
throBgh the liquid, then all the Iodine i* diuolTtd, lad a coloorleai liqaid ia ullimatelj 
obteined which conlaina « oertain proportion .of chlorine, bec&uee thia eom pound gives a 
meuUie chloride end iodate with alkali* witboBt evolving any Free iodine : 1CI, + BKB0 
• SKC1 + E10i + IH|0 The eiietence «t a penlachlorido ICl, ia, however, denied, 
becailH thia anbatance baa not been obtained in a freo atate. 

Stortcnbeker (188BI invastigated the equilibrinm of the ayttem csnUining the mole- 
cnlee I,, ICl, ICl,. end CI,, in the aame wa; that Booieboom (Chapter X. Note SB) aiamined 
the equilibrium ot the molemilee HQ, HC1,3II,0, and E,0. Ha found that iodine 
monocJdotidg appears in too >tB(cB,ODe (the ordinary) iiitableand melta at S7°'9, wlirtal 
the other ia obtained by rapid cooling, end melts at 18°^S>, and e&iily paasea iuto Iha 
Bnt torn). lodloe trichloride melts at 101° only in a cloeed tube ODdar a prestuie ot IB 
atmoepherBB- 
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erystals of the monochloride, it is easy to obtain iodine trioUofide fH 
orange crystals, which melt at 34^ and volatilise at 47^, but in so doin^ 
decompose (into Clj and ClI). The chemical properties of theM 
chlorides entirely resemble those of chlorine and iodine, as would be 
expected, because, in this instance^ a combination of similar substancea 
has taken place as in the formation of solutions or aUoys. Thus, for 
instance, the unsaturated hydrocarbons (for example, CSH4X which 
are capable of directly combining with chlorine aad iodine, also direoUj 
combine with iodine monochlorideb 



H -— - 



OHAPTEH XII 

SODIUK 

Tbb neutral ntlt, sodium aiklphate, Na,SO„ obtained when a mixture of 
solpbaric acid and coniQioa tail is Btronglj heated (Chapter X.},' forms 
a colourless solino mass conaiatiog of fine crystals, soluble in water. It 
is the product of many other double decompositions, sometimes carried 
put on a large scale ; for enample, when ajnmonium sulphate is 
heated with common salt, in which case the sal-ammoniac is volatilised, 
^c. A similar decomposition also tabes place when, for instance, a 
mixture of lead sulphate and common salt is heated ; this mixture 
easily fuses, and if the t«mperature be further raised heavy vapours of 
lead chloride appear. When the disengagement of these vapours caases, 
the remaining mass, on being treated with water, yields a solution of 
sodium solphate mixed with a solution of undecomposed common salt, 
isiderable quantity, however, of the lead sulphate remains un- 
changed during this reaction, PbSO, + 2NaCl =PbCl, + NajSO,, the 
vapours will contain lead chloride, and the residue will contain the mix- 
ture of the three remaining salts. The cause and nature of the reaction 
are just the same as were pointed out when considering the action of 
sulphuric acid upon NaCl. Here too it may be shown that the doable 
decomposition is determined by the removal of PbCI] from the sphereof 
the action of the remaining substances. This is seen from the fact that 
sodium GulphiLte, on being dissolved in water and mixed with a solution 
of any lead salt (and eveo with a solution of lead chloride, although 
this latter is but sparingly soluble in water), immediately gives a white 
precipitate of lead sulphate. In this case the lead takes up the 
elements of sulphuric acid from the. sodium sulphate in the solutions. 

I Whilst deicribing ID tcqiedeUi] thapropertioacFlAadiuDjchlaride. hydroohlork AoLd, 
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On heating, the reverse phenomenon is observed. The reaction in the 
solution depends upon the insolubility of the lead sulphate, and the 
decomposition which takes place on heating is due to th^ volatilitj 
of the lead chloride. Silver sulphate, AgaSOi, in solution with oommoa 
saft,. gives silver chloride, because the latter is insoluble- in water, 
AgsSOi + 2NaCl = Na2S04 + 2AgCl. Sodium carbonate, mixed in 
solution with the sulphates of iron, copper, manganese, magnesium, Ac, 
gives in solution sodium sulphate, and in the precipitate a carbonate 
of the corresponding metal, because these salts of carbonic acid 
are insoluble in water; for instance, MgSOi + Na^CO^ «9^atS04 
•f- MgCO^. In precisely the same way sodium hydroxide acts on 
solutions of the majority of the saltaf of sulphuric acid containing 
metals, the hydroxides of which are insoluble in water — for instance, 
€uS04 + 2NaH0 = Cu(HO)s + Ka2S04. Sulphate of magnesium, 
MgSO^, on being mixed in solution with common salt^ forms, although 
not completely, chloride of magnesium, and sodium sulphate. On cool- 
ing the mixture of such (concentrated) solutions sodium sulphate is 
deposited, as was shown in Chapter X. This is made use of for prepar- 
ing it on the large scale in works where sea-water is treated. In this 
case, on cooling, the reaction 2NaCl + MgSOi s MgCl| + KasS04 
takes place. 

Thus whore sulphates and salts of sodium are in contact^ it may 
\>e expected that sodium sulphate will be formed and separated if 
the conditions are favourable ; for this reason it is not surprising 
that jsodium sulphate is often found in the native state. Some of the 
springs and salt lakes in the steppes, beyond the Yolga, and in the 
Caucasus, contain a considerable quantity of sodium sulphate, and yield 
it by simple evaporation of the solutions. Beds of this salt are also 
met with ; thus at a depth, of only 5 feet, about 38 versts to the 
east of Tiflis, at the foot of the range of the * Wolfs mane ' (Yoltchia 
griva) mountains, a deep stratum of very pure Glauber's salt, 
NaaSO4,10H3O, has been found.' A layer two metres thick of the 
same sal t^ lies at the bottom of several lakes (an area of about 10 
square kilometres) in the Kouban district near Batalpaschinsk, and 
here its working has been commenced (1887). In Spain, near Arangouls 
and in many parts of the Western States of North America, mineral 
sodium sulphate has likewise been found, and is already being worked. 

The methods of obtaining salts by means of double decomposition 

* Anhydrous (ignited) Bodium Bolphate, NB9SO4, is knovm in trade at ' aulphate ' 
or salt-cake, in mineralogy thenardite. Crystalline decahydrated salt is termed in 
mineralogy minibilitet and in trade Glauber's salt. On fusing it, the monobydrat* 
Kn^OAO is obtained, together with a supeirsaturated solution. 
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from otben ftlreodj prepare! are so general, tliat In describing a given 
salt there is do necessity to enumerate tUe coses hitherto Dbserped of 
its being formed through vii.rious double decompositionB.* The possi- 
bility of this occurrence ought to be foreseen according to Berthollet's 
doctrine from the properties of the salt iit question. On this account 
it is important to know the properties of salts; all the more so because 
ap to the present time those very properties (solubility, formation of 
crystallo- hydrates, volatility, &c.) which may be made use of for sepS' 
rating them from other salts have not been generalised.* These pro- 
perties as yet remain subjeota for investigation, and are rnrely to 
be foreseen, The cry stallo- hydrate of the normal sodium solphate, 
Na^SOtilOHjO, very easily parts with water, and may be obtained 
in an anhydrous state if it be carefully heated until the weight re- 
mains constant ; but if heated further, it partly loses the elements of 
sulphuric anhydride. The normal satt fuses at 843° (red heat), and 
volatilises CO a slight extent when very strongly heated, in which case it 
naturally decomposes with the evolution of SO3. At 0° 100 parts of 
water dissolve 5 parts of the anhydrous salt, at 10° 9 parts, at 20" 19-4, 
ht 30° 40, and at 31° 55 parts, the same being the cose in the presence of 
an excess of crystals of NajSOj.l 011,0." At 34° the latter foios, and the 
solubility decreasca at higher tempei-atures.^ A concentrated solution 
at 84° has a composition nearly approocning to Na,SO, + 1411,0, 

> Tboulti BUtj boobtuned no! only by mclhoda ol lobalitDtian of vuiona kiiidi,bDl 
alio by many other ooipbiiiftiioaB. Thua aodium sulplmta may ba laroied frofa ■odiota 
oiide tad lalphimc unbydridi, bj oiidiiiag lodiura lulphidc, K>iS. 01 sodium (olphita, 
Ni^O,, &c. Vfbea ■odiom ohlsiide ii baawd in ■ miiiurg of tba v*poar< ot wntar, iji, 
uidfti]]pbiirDnBuihydride,BodJiuaBalpbaloiH formed. According to Uue mo tbod (patentAd 
b;HugTeaieii>ndKDfaiaaoa),lDdiumia![iluite,Ni^04,itoblun«dr»mNaClwithoattlu 
pnliuuiuLrytmLDafActarauf HfSOj, Lampeof KaCI pmHd into brkkt are looaely padnd 
into a cylinder and anbjoFled, at a red bi^al, to tba action of Btcam, air and BOr Under 
theiB conditiona, HCl, lalpluitc, md a oortain anuranl ol oDaltsrod NaCI are obtaioid. 
Tbi< miitoro ii wnierted into aoda by Oouaga's proceu (<c( Koto ItJ aod ma; hara 
aome practioal Talne, 

* Many obaerrations have bean made, bat liltia genera] ioformation baa been obtained 
(ram pacticnlu oaHi. In addition (o wbiob, the piopertlu of a given lalt ua ohaDgod 
by the preaenoe of otbor lalts. Tbia lakei place not only in lirlne of motiiaJ deooinpail- 
tion Ol formatiaa of doable lalti capable □( uparale eiiitance, but ii dHtetmiDtd by the 
inBuenee irbicb aome lalta oicrt onothon, or by lorcai aimilai to thaw which Hi daring 
■olatlon. Here not^i^g hu been geoeraliaed to that extent nhich would render it 
poaaible to prediet without preyioai inveitigatibn, 11 tfaoro be do clogo analogy bo help 
D>. Let ai lUle one ol the» mmnroiu (aueg i 100 parta o[ water at 10° diaiolie 
IM parta of potaiaiam nitratu bat on Uis addition at aodlnm nitmts the aolabilily ol 
potusium nitrate Incraacea bo tS parta in 10 ol water (Camelley and Thomion), In 
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And the decakjdnied salt cootains 78-9 of tha anhydrous salt com- 
bined vith 100 parts of water. From the above figures it is seen that 
the decahjd rated salt cannot fose vithoot decomposing^ like hydrate of 
chlorine, 'aj^SHaO (Chapter XI^ Xote 10). Not only the fosed deca- 
hydrated salt, but also the concentrated solution at 34® (not all at once^ 
but gradually), yields the monohydrated salt, Ka2S04,H|0. The hepta- 
hydrated salt, 'SaL^O^JHfi, also splits up, even at low temperatures^ 
with the formation of this monohydrated salt, and therefore from 35® 
the solubility can be given only for the latter. For 100 parts of water 
this U as foUows : at iO^ 48-8, at 50' 467, at 80® 437, at 100® 425 
parts of the anhydrous salt. If the decahyd rated salt be fused, and 
the solution allowed to cool in the presence of the monohydrated 
salt, then at 30® 50*4 parts of anhydrous salt are retained in the solu- 
tion, and at 20® 52*8 parts. Hence, with respect to the anhydrous and 
monohydrated salts, the solubility is identical, and falb with increas- 
ing temperature, whilst with respect to decahydrated salt, the solubility 
rises with increasing temperature. So that if in contact with a solution 

• 

■(^ability al&o decrefties after a certain temperature it passed. GTpaum, Ca80«,9flaO, lime, 
sad wmAj other compounds present soch a phenomenon. An ohserratioo of Tilden's (1884) 
U most instrtictive ; be showed that on raising the temperature (in closed Tessela) abov« 
140^ the solubility of sodiom sulphate again begins to increase. At 100^ 100 parts of 
vater dissolve about 48 parts of anhydrous salt, at 140° 43 parts, at 160^ 49 parts, at 
180° 44 parts, at 230° 46 parts. According to iBtard (1892) the solubUity of 80 parts of 
Ka»S04 in 100 of solution (or 43 per 100 of water) corresponds to 80°, and above 940° the 
solubility again falls, and very rapidly, so that at 320° the solution contains 19 per 100 of 
solution (about 14 per 100 of water) and a further rise of temperature is followed by a 
further deposition of the salt It is evident that the phenomenon of saturation, deter* 
mined by the presence of an excess of the dissolved substance, is very complex, and 
therefore that for the theory of solutions considered as liquid indefinite chemical com> 
pounds, many useful statements can hardly be given. 

' Already referred to in Chapter I., Note 66. 

The example of sodium sulphate is historically very important for tlie theory of 8<du* 
iions. Notwithstanding the number of investigations which have been made, it is still 
insufficiently studied, especially from the point of the vapour tension of solutions and 
erystallo-hydrates, so that those processes cannot be applied to it wliich Onldbefg, 
Boofeboom, Van't Hoff, and others applied to solutions and crystal lo-hydrates. It would 
also be most important to investigate the infiuence of [gressure on the various phenomena 
corresponding with the combinations of water and sodium sulphate, because when crystala 
are separated— for instance, of the decahydrated salt — an increase of volume takes place, 
SI can be seen from the following data :— the sp. gr. of the Unhydrous salt is 9*66, thai 
of the decahydrated salt " 1*46, but the sp. gr. of solutions at 15°/4° » 9,999 + 90i|p + 0'35|»* 
where p represents the percentage of anhydrous salt in the solution, and the sp. gr. of 
wster at 4° a 10,000. Hence for solutions containing 90 px}. of anhydrous salt the sp. gr. 
■ 1*1936 ; therefore the volume of 100 grams of this solution «83'8 cc, and the volume of 
anhydrous salt contained in it is equal to 90/9*66, or a 7*6 cc, and the volume of water 
•80*1 0.0. ThereforA, the solution, on decomposing into anhydrous salt and water, 
increases in volume (from 83*8 to 87*6) ; but in the same way 83*8 cc of 90 p.c solution 
sr« formed from (46'4/l'46-) 31*1 cc of ths decahydrated salt, and 54*6 cc of water- 
that is to tsy, thai doring ths formstlon oC a tdotion from 86*7 cc, 83'8 cc. are formed. 
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of Bodinm sulphate there are only crystals of thnt hpptahydrftted salt 
(Chapter I., Note B4), Na,SO„7HjO, which is formed from saturateil 
solutions, then saturation sets in when the solution has the follow- 
ing composition per 100 parts of salt : at 0° 19-6, at 10" 305, at 20' 
44-7, and at 25° 52-9 parts of anhydrous salt. Above 27' the 
heptahydratcd salt, like the decahydrated salt at 34°, splits up 
into the monohydnted salt and a saturated solution. Thus sodium 
sulphate has three curves of solubility : one for NajSO^.THiO (from 0' 
to 26°), one for Na,SO„10H,O (from 0° to 34"), and one for 
NajSOj,H]0 (a deacending curve beginning at 26°), because there are 
three of these crystallo- hydra t«s, and the solubility of a substance 
only depends upon the particular condition of that portion of it which 
has separated from the solution or is present in excess.' 

Thus solutions of sodium sulphate tnay give crystallo- hydrates of 
three kinds on cooling the saturated eolation : the unstable hepta- 
hydrat«d salt is obtained at temperatures below 2G°, the decahydrat«<il 
salt forms under ordinary conditions nt temperatures below 34°, and 
the monohydrat«d salt at temperatures above 34°. Both the latter 
cry atallo-hyd rates present a stable state of equilibrium, and the hopta- 
hydrBt«d salt decomposes into them, probably according to the equa- 
tion 3NajSO„7H,0 = 2NajSO„10H,O + NajSO„H,0. Theonlinary 
decohydrated salt is called Glauber's tali. All forms of these crystallo- 
hydrates lose their water entirely, and give the anhydrous salt when 
dried over sulphuric acid.' 

Sodium sulphate, NajSO,, only enters into, a few reactions of com- 
bination with other salts, and chiefly with salts of the same acid^ 
forming double sulphates. Thus, for example, if a solution of sodium 

■ fVam Uiii eiunpls it i> evident the salulion teraiina urultfired luLil frum the 
conlut of > ulid il becoDui either »tn»ted or supemtcmUd, cryiUIliBitioii bsiQg 
detcnoined bf tlie ^ttrActiou to a «^d, &■ the pheaomencn of luperutaration clearlj 
demoaitntei. Tbi> ptrtiailT oi[iUiii> outain sjipmiitty coiitndicloi7 deUimiiuliani 
ot Hlubility. Tba beit inveitignlod example of loch complex leUIioui i> cited in 
Chapter XIV., Note M (tor C»Cl J. 

• According to PioltBring'i eiperinieiiti (1IJS6), Iba motecolu' weight in grama <Ui4> 
{a, Kagiami) of anhydiouB aodium >ulphato,OD being dieaolved in alugemauof water, 
at O"* abwrba (hone* the - sigo) - 1,100 beat unit*, at lO'-IW, at 16°-»;S, at SO" 
giTU sot *n. at SB"'fSOO calorica. Fm Ibe dec&bydnted aalt, NaiSO^lOHjO, 
6"-l,aaS, 10»-4,000,lB''-a,e70,M"-8,l«),aB''-a,77B. Hence [juntas in Chapter L. 
Note se) the beat al the combination Na,SOtiiaHiO tX 5"=-^3,lU, 10°^ + 3,350, 
Vf"* S,!00, and SS"- + S,0S0. 

tt 19 evidsnt that tlie decohydrated salt ditaoliiog ia water givei a decreaw ol tempon- 
tore. Solalioas in hydrocUoric aoid give a itill greater dacreau, bauais tbvy contain 
the niei ot ciTBtatliiatioii in a ulid atale— that ii,likeice— and Ibiion melting abaorba 
beat. A mixture of IG partg of Na,SO,,I0HiO and IS parts of etrong bydrocbloric acid 
poducei (uScieut cold to freeie water. During th« treatment viUi hydrochlari« acid 
a certain qointity ol Kdiam cbJotide ii formid. 
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folphate be mixed with a solution of aluminium, magnesium, or ferrous 
sulphate, it gives crystals of a double salt when evaporated. Sulpfanrio 
aoid itself forms a compound with sodium sulphate, which is exactly 
like these double salts. It is formed with great ease when sodium 
sulphate is dissolved in sulphuric acid and the solution evaporated. 
On evaporation, crystals of the aoid salt separate, Na)S04 + H^SO^ 
s 2NaHS04. This separates from hot solutions, whilst the crystallo- 
hydrate, NaHS04,H20,*^ separates from cold solutions. The crystals 
when exposed to damp air decompose into HaS04, which deliquesces, 
and Na2S04 (Graham, Rose) ; alcohol also extracts sulphuric acid from 
the acid salt. This shows the feeble force which holds the sulphurio 
acid to the sodium sulphate.** Both acid sodium sulphate and all 
mixtures of the normal salt and sulphuric' acid lose water when heated, 
and are converted into sodium pyrosulphate, NajS^O;, at a low red 
heat.** *>** This anhydrous salt, at a bright red heat, parts with the 
elements of sulphuric anhydride, the normal sodium sulphate remaining 
behind— NasSsO; e= Na2S04 -f SO3. From this it is seen that the 
normal salt is able to combine with water, with other sulphates, and 
with sulphuric anhydride or acid, kc. 

Sodium sulphate may by double docorapositibn be converted into 
a sodium salt of any other acid, by moans of heat and taking advantage 
of the volatility, or by moans of solution and taking advantage of the 
different dogreo of solubility of the different salts. Thus, for instance, 
owing to the insolubility of barium sulphate, sodium hydroxide or 
caustic soda may be prepared from sodium sulphate, if barium hydroxide 
be added to its solution, NajS04 -» Ba(H0)2 = BaS04 + 2NaH0. 
And by taking any salt of barium, BaX2, the corresponding salt of 
sodium may be obtained, Na^S04 -f BaX, » BaS04 + 2NaX. Barium 

10 Yhe Tory l&rge and woll-formed crystals t)( this salt rosoinblo the -hydrate 
B98O433O, or S0(0H)4. In general the replacement of hydrogen by sodium modifies 
many of the properties of acids less than its replacement by other metals. This most 
probably depends on the volumes being nearly equal. 

*> In solution (Berthelot) the acid salt in all probability decomposes most in the 
greatest mass of water. The specific gravity (according to the determinations of 
ICarignao) of solutions at 150/4<>«= 9,092 + 77'92j> + 0'281|>* («m Note 7). From ihes* 
figures, and from the specific gravities of sulphuric acid, it is evident that on mixing 
•olotions of this acid and sodium sulphate expansion will always take place; for 
instance, HaS04+26H)0 with Na9804+26HaO increases from 488 volumes to 488. la 
addition to which, in weak solutions heat is absorbed, as shown in Chapter X., Note 27. 
Nevertheless, even more acid salts may be formed and obtained in a crystalline form. 
For instance, on cooling a solution of 1 part of sodium sulphate in 7 parts of sulphurio 
add, crystals of the composition NaH804,H3804 are separated (SchulU, 1888). Thia 
oompound fuses at about 100^ ; the ordinary acid salt, NaHS04, at 149°. 

11 bia On decreasing the pressure, sodium hydrogen sulphate, NaHS04, dissociatea 
muoh more easily than at the ordinary pressure ; it loses water and forms the pyrotul- 
phate, Nat8,0y ; this reaction is aUlised is chamioal works. 
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■Dlphate thus formed, being a very spariugly-solable salt, b obtAined aa 
a precipitate, whilst the sodium hydroKide, or aalt, NaX, is obtained in 
eolution, because all aalu of sodium are soluble. Berthollet's doctrine 
pennita all such cstsea to be foreseen 

The reactions of decompoeition of sodium Eulpbat« are above all 
noticeable hj the separation of oxjgen. Sodium sulphate by itself ia 
very stable, and it is only at a temperature sufficient to melt iron that it 
ia poaaible to separalo the elements SO, from it, and then only partially. 
However, the oxygen may be separated from sodium sulphate, as from 
all other sulphates, by means of many substances which are able to 
combine with oxygen, such as cliarcoal and sulphur, but hydrogen is 
not able to produce this action. If sodium sulphato be heated with 
charcoal, then carbonic oxide and anhydride are evolved, and there is 
produced, according to the circumstances, either the lower oxygen 
compound, sodium sulphite, Na,SOi (for instance, in the formation 
of glass) ; or else the decomposition proceeds further, and sodium 
sulphide, NajS, is formed, according to the equation Na^SO, + 20 
= 2C0, + Na,S. 

On the basis of this reaction the greater part of the sulphate of 
■odium prepared at chemical works is converted into »oda aeh — that is, 
todivm carbcruife, Na,C03, which is used for many purposes. In th$ 
toTta of carbonates, the metallic oxides behave in many cases just as 
they do in the state of oxides or hydroxides, owing to the feeble acid 
properties of carbonic acid. However, the majority of the salts of 
carbonic acid are iasoluhle, whilst sodium carbonate ia one of the few 
■oluble salts of this acid, and therefore reacts with facility. Hence 
sodium carbonate is employed for many purposes, in which its alkaline 
properties come into play. Thus, even under the action of feeble 
organio acids it immediately parts with ita carbonic acid, and gives 
a sodium salt of the acid taken. Its solutions exhibit an alkaline' 
reaction on Utmua. It aids the passage of certain organic substances 
(tar, acids) into solution, and is therefore used, like caustic alkalis and 
Boap (which latter also acts by virtue of the alkali it contains), for 
the reuioval of certain organio substances, especially in bleaching 
cotton and similar fabrics. Besides which a considerable quantity 
lOf sodium carbonate is used for the preparation of sodium hydroxide 
or caustic soda, which has also a very wide application. In large 
cheniii^al works where sodium carbonate is manufactured from Na,SO(, 
it is usual first to manufacture sulphuric acid, and then by its aid to 
convert common salt into sodium sulphate, and lastly to convert the 
■odium sulphate thus obtained into carbonate and caustic soda. Hence 
works piepuru both alkaline substances (soda ash and caustic 
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toda) and aoid ^abstonoes (solphoric and hydrochlorio aoids), the two 
elaases of chemical prodtrcts which are distinguisbed for the greatest 
energy of their reactions and are therefore most frequently applied 
to technical purposes. Factories manufacturing soda are generally 
oalled alkali works. 

The process of the conversion of sodium sulphate into sodium 
carbonate consists in strongly heating a mixture of the sulphate with 
charcoal and calcium carbonate. The following reactions then take 
place : the sodium sulphate is first deoxidised by the charcoal^ forming 
sodium sulphide and carbonic anhydride, Na}S04 4- 2C = Na^S+SGOf. 
The sodium sulphide thus formed then enters into double decompodtion 
with the calcium carbonate taken, and gives calcium sulphide and 
•odium carbonate, Na,S + CaCO, = NasOO^ + GaS. 

Besides which, under the action of the heat, a portion of the excess 
of calcium carbonate is decomposed into lime and carbonic anhydride, 
CaOO, = GaO + COa, and the carbonic anhydride with the excess of 
charcoal forms carbon monoxide, which towards the end of the opera- 
tion shows itself by the appearance of a blue flame. Thus from a mass 
containing sodium sulphate we obtain a mass which includes sodium 
carbonate, calcium sulphide, and calcium oxide, but none of the sodium 
sulphide which was formed on first heating the mixture. The entire 
process, which proceeds at a high temperature, may be expressed by 
a combination of the three above-mentioned formulae, if it be con- 
sidered that the product contains one equivalent of calcium oxide to 
two equivalents of calcium sulphide.** The sum of the reactions 
may then be expressed thus : 2Na2S04 + dCaCO, + 90 = 2Na,C0, 
•«- CaO,2CaS -f lOCO Indeed, the quantities in which the substances 
are mixed together at chemical works approaches to the proportion re- 
quired by this equation. The entire process of decomposition is carried 
on in reverberatory furnaces, into which a mixture of 1 ,000 parts of 
sodium sulphate, 1,040 parts of calcium carbonate (as a somewhat 
porous limestone), and 500 parts of small coal is introduced from abore. 
This mixture is first heated in the portion of the furnace which is 

^' Calcinm sulphide, CaS, liko many meUllio sulphides which are soluble in water, is 
decomposed by it (Chapter X.). CaS + H^OaCaO + HsS, because hydrogen sulphide 
is a very feeble acid. If calcium sulphide be acted on by a largo mass of water, lime mmj 
be precipitated, and a state of equilibrium will be reached, when the system CaO-l-9Ca8 
remains unchanged. Lime, being a product of the action of water on CaS, limits this 
aetion. Therefore, if in black ash the lime were not in excess, a part of the snlphidft 
would be in solution (actually there is but very little). In this manner in the maav- 
facture of sodium carbonate the conditions of equilibrium which enter into double 
decompositions have been made use of {iee ahove)t and the aim is to form directly the 
unchangeable product CaO,2Ca8; This war first regarded as a special insoluble 
compound, but there is no evidence of its independent existence. 
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bonate, tho mixture of calcium oxide and sulphide forming the so-called 
* soda waste ' or ' alkali waste.' *^ 

which has alrMdy been tubjecied to a first lixiviatiou by weak solatlons. In tliis way the 
fresh water gires a weak solution. The strong solution which goes to the evaporating 
pan flows from those parts of the apparatus which contain the fresh, as yet unlixiviated, 
mass, and thus in the latter parts the weak alkali formed in the other parts of the 
apparatus becomes saturated as far as possible with the soluble substance. Generally 
seyeral intercommunicating vessels are constructed (standing at the same level) into 
which in turn the fresh mass is charged which is intended for lixiviation ; the water ia 
poured in, the alkali drawn of!, and the lixiviated residue removed. The illustration 
represents such an apparatus, consisting of four communicating vessels. The water 
poured into one of them flows through the two nearest and issues from the tliird. The 
fresh mass being placed in one of these boxes or vessels, the stream of water paaeing 
through tho apparatus is directed in such a manner as to finally issue from this vessel con* 
taining the fresh unlixiviated mass. The fresh water is added to the vessel containing 
the material which has been almost completely exhausted. Passing through this vessel 
It is conveyed by the pipe (syphon passing from the bottom of the first box to the top of 
the second) communicating with the second ; it finally passes (also through a syphon 
pipe) into the box (tho third) containing the fresh material. The water will extract all 
that is soluble in the first vessel, leaving only an insoluble residue. This vessel is then 
ready to be emptied, and refilled with fresh material. Tlie levels of tho liquids in the 
variotis vessels will naturally be different, in consequence of the various strongUis of the 
solutions which they contain 

It must not, however, be thought that sodium carbonate alone passes into tho solution; 
there is also a good deal of caustic soda with it, formed by the action of lime on the 
carbonate of sodium, and there are also certain sodium sulphur compounds with which 
we shall partly become acquainted hereafter. The sodium carbonate, therefore, is not 
obtained In a very pure state. The solution is concentrated by evaporation. This is 
conducted by means of the waste heat from the soda furnaces, together with that of 
the gases given off. The process in the soda furnaces ban only be carried on at a high 
temperature, and therefore the smoke and gases issuing from them are necessarily very 
hot. If the heat they contain was not made use of there would be a great waste of 
fael ; consequently in immediate proximity to these furnaces there is generally a seriea 
of pans or evaporating boilers, under which the gases pass, and into which the alkali 
solution is poured. On evaporating the solution, first of all the undecomposed sodium 
sulphate separates, then tho sodium carbonate or soda crystals. These crystals as they 
separate are raked out and placed on planks, where the liquid drains away from them. 
Caustic soda remains in the residue, and also any sodium chloride which was not 
decomposed in the foregoing process. 

Part of the sodium carbonate is roorystallised in order to purify it more thoroughly. 
In order to do this a saturated solution is left to crystallise at a temperature below 80^ 
in a current of air, in order to promote the separation of the water vapour. The laige 
transparent crystals (e£9orescent in air) of NstCOsylOH^O are then formed which have 
already been spoken of (Chapter I.). 

^* The whole of the sulphur used in the production of the sulphorio acid employed in 
decomposing the common salt is contained in this residue. This is the great burden 
and expense of the soda works which use Lcblanc's method. As an instructive example 
from a clicmical point of view, it is worth while mentioning here two of the various 
methods of recovering the sulphur from the soda waste. Chance's process is treated in 
Chapter XX., Note 6. 

Kynaston (1885) treats the soda waste with a solution (sp. gr. 1'21) of magnesium 
chloride, which disengages sulphuretted hydrogen: CaS + MgCl^-t-aBaOaCaCls 
•f Mg(OH)a + HaS. Sulphurous anhydride is passed through the residue in order to form 
the insoluble calciom sulphite: CaCl9-i-Mg(0H)a't-SOa-Ca8O9't-MgClfi-HsO. lb* 
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^e abovcMiientioned procf^ss tor making soda vu disoovered In tlis 
year 1808 liy tho Frencli doctor Leblnno, aud is known as the Lebkoo 
process. The particuUi-s of the discovery are soaiewhat remarkable 
Sodium cnrbonute, having h considerable application iu industry, waa 
for a long time prepared excloEively from the ash of marine plants 
(Chapter XI„ page *97J, Even up to the present time this process ia 
carried on in Normandy. In Frdiice, where for a long time the manu- 
fcctureof largo quantities of Boap (so-called Marseillessoap) and v&rious 
fabrics required a large amount of soda, the quantily prepared at the 
coast was insufGcient to meet the demand. For this reason during 
the wars at tli» beginning of the century, when the import of foreign 
goods into France was interdicted, the want of sodium carbonate was felt. 
The French Academy offered a priie for the discovery of a profitable 
method of preparing it from common salt. Leblanc then proposed the 
above-mentioned process, which ia remarkable for its great simplicity.'* 

kolation at niaf^iiuiu clitoilile obtained ■• tgua uud. uid the wtahcd ulciuin islphiU 
lubroUKbl iolo conUcl ftt a low tempcrBtuia wilh hydiochloria wid (t vekk aqueoui 
•olDtion) and hydrogen nilpliide. the wholo of the n)l[diar Ihea <«[iaratlDg ; 

CaSOi*aHj3-*-SHCl-CiiCl,-tBH^t88. 

But moHt tSarti linvn bcnn dicscled diwiirds Kidding the fonnatuin ol toja 

" Among thp druvluicki nl lbs Lebluio prw»B an tlis (ccuniuUUon et 'loda 
VMte' (NutE 11) owing lu tlis imponibillty *l ;he comparatiTely Ion price ol cDlpbnr 
(eipcciill]' in tlie lonn ol |i]^1«bj ot flnding cinployiatnt lor Ihi! tulpfaur tod iDlphnr 
eompoond* for which thifl vaate ii umetiine« ttvaled, mid oHao the iruufBcient puritj 
of the tfodiom eubeiute for muiy porposei. The adrttntBgen of the Lebftna procoH, 
l^ldes iCfl Abnpticity &nd theipiieu, ue that ■Jmoit ttie whole of the aeidi obUined 
■1 bye-prodncti heis n eommnciol fslao; (oi chtoriae snd bleuhing powder are 
prodBced from the large ameont of bydrochlorio acid which appoara as a bye-product; 
eanilic aoda bI» ii very eaatty laade. uid the demand for it increaeei etnr }aar. 

lot alkali wockt) $ie found tide by aide— u. tor iDitane*. in the Ural or Ikm 
diatricti — condilioni are taTourable to the deralopmeot of Ihe maaofuttire et ndintD 
caibonals on an enormotiB Kale; and whero, aa in the Caocang, aodium mlpbala 
oocuTi natimlly. Ihe conditions are alill more faronrvble. A large amonnt. howerer> 
of &e latter ull, even rrom <odii workH^ !■ uted in nuking gUu. The moil important 
•oda worki, ae regards the quantity of products obtained from Ihem, ate Uie Engliih 

Aa 0,0 example of Ihs other nnmrrous and varied methodi of nanufuclnrlng loda 
trooi eodinm chloride, tlie lollowing may be mentioned: Sodium chloride ia dccom- 
XiOBed byoiide ol lead, PbO. forming lead chloride *ad aodiam oiiile, which, with oubonla 
A-nhydride, ylclde aodinni cubonale (Bcbeele'a proceii). In Comu'i method aodiora 
^'InJorido ia Iteated with lime, and then tipotod to the atr, when It yietdi a nnsU 
^vautlty of Eodiutn cuboiiale. In E. Kopp'iproceiiaodinmnilphato (IDS paTtg}l<mk«d 
^■ith oiido of iron (80 parts) und churcoal (»fl partt), and the miilnte [a boated In NTeibe- 
■"■"•tory hmuicei. Here n compound, Na,Fc,aj, ii foimed, which ie inioluble in water, 
^^>Mnbi oxygen a»d I'trtionio atihjdiido, and then forma aodinm carbonate and fgnon 
*^*IlAide i Ihii wlieti roaited gives aalpharout uihydiide, the inditpenuble Inaleilllt 
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Of all other industrial processes for manufacturing sodium carbonace, 
the ammonia procea is the most worthy of menUon.'* In this the 
vapours of ammonia, and then an excess of carbonic anhydride, are 
directly introduced into a concentrated solution of sodium chloride in 
order to form the acid ammonium carbonate, NH4HCO3. Then, by 
means of the double saline decomposition of this salt, sodium chloride is 
decomposed, and in virtue of its slight solubility acid sodium carbonate^ 
NaHCX)], is precipitated and ammonium chloride, NH4CI, is obtained 
in solution (with a portion of the sodium chloride and acid sodium 
carbonate). The reaction proceeds in the solution owing to the sparing 
solubility of the NaHCX), according to the equation NaCl + NH4HCO, 
e NH4CI + NaHCOs. The ammonia is recovered from the tolutaon 
by heating with lime or magnesia,*^ ^* and the precipitated acid sodiam 
carbonate is converted into the normal salt by heating. It is thus 
obtained in a very pure state. *^ 

fdr the mAnofactare of sQlphorio acid, and ferrio oxide which it again oaed in tlw 
prooess. In OranVt method sodiam sulphate is transfonned into sodium sulphide, and 
the latter is decomposed by a stream of carbonic anhydride and steam, whan hydrogett 
ffolphide is disengaged and sodium carbonate formed. Gossage preparee NagS from 
Na(804 (by heating it with carbon), dissolyes it in water and subjects the solution to the 
action of an ezoeas of CO9 in coke towers, thus obtaining H^& (a gas which gives 80f 
under perfect combustion, or sulphur when incompletely burnt. Chapter XX., Note 6) and 
bicarbonate of sodium ; Na^S + 9C0a -t- 2HaO - H38 + aHNaCO}. The latter gives soda and 
COa when ignited. This process quite eliminates the formation of soda-waste (tee Note 8) 
and should in my opiztion be suitable for the treatment of native Na3S04, like thai 
which is found in the Caucasus, all the more since H^S gives sulphur as a bye-produei. 

Repeated efforts have been made in recent times to obtain soda (and chlorine, $m 
Chapter II., 'Note 1) from strong solutions of salt (Chapter X., Note S8 bis) by the ac^kia 
of an electric current, but until now these methods have not been worked out sufficiently 
for practical use, probably partly owing to the complicated apparatus needed, and the 
fact that the chlorine given oil at the anode corrodes the electrodes and vessels and has 
but a limited industrial applicati<»i. We may mention that according to Hempel (1890) 
■oda in crystals is deposited wh^n an electric current and a stream of carbonic acid gat 
are passed through a saturated solution of NaCL 

Sodium carbonate may likewise be obtained from cryolite (Chapter XVII., Note 9S) 
the method of treating this will be mentioned under Aluminium. 

** This process (Chapter XVIL) was first pointed out by Turck, worked out by 
Schloesing, and finally applied industrially by Solvay. The first (1888) large soda tectoriee 
erected in Russia for working this process are on the banks of the Kama at Beresniak, 
near Ousolia, and belong to Lubimofl. But Russia, which still imports from abroad * 
large quantity of bleaching powder and exports a large amount of manganese ore, moel 
of all requires works carrying on the Leblanc process. In 1890 a factory of this kind wee 
erected by P. R. Oushkoff, on the Kama, near ElagonbL 

It bii iipnd (tM Chapter XL, Note 8 bis) separates the NH4CI from the residual loln- 
lions by cooling (Chapter X., Note 44) ; ignites the sal-ammoniac and passes the vapoor 
over MgO, and so re-obtains the NH9 and forma MgCl : the former goes back for the 
manufacture of soda, while the latter is employed either for making HCl or Clt. 

17 Commercial soda ash (calcined, anhydrous) is rarely pure ; the crystallised soda is 
generally purer. In order to purify it further, it is best to bofl a oonoentrated eolation of 
•oda aah until two-thiida of the liquid remain, ooUect the soda which settlei. wash with 
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Bodiom (ArboD»to, like sodinm solpluto, Iosm vU iU wtXtt on 
being be«t«d, and when anhydrous fuses at a bright'red heat (1098°). 
A sm&tl quantity of sodium carbcnikto placed in the loop of a platiniiin 
wire volatilises in ibe heat of a gu Same, and therefore in tlie funtacM 
of glasB woricB port of the sodaia alvajs tranafonoed into the condition 
of vapour. Sodium carbonate resembles sodiuni sulphate in its relation 
to vater." Here also the greatest solubiJit]> is at the temperature of 
37° , both Eoita, on crjistaUiiiing at the ordtoary temperature, combine 
<ritb ten molecules of water, and such crystals of soda, like cryitals of 
Olaaber's salt, fuse at 31° Sodium carbonate also forms a super- ' 
saturated solution, and, according to the conditions, gives various con: 
binatioiLs with wat^r of crystallisation (mentioned on page 108), &c. 

kb a red heat superheated steam liberates carbonic anhydride from 
Mdium carbonate and forms caustic toda, Na,COj + H,0 = 2NoHO 
+ CO,. Here the carbonic anhydride is roplooed by wuter ; this depends 
on the feebly acid character of carbonic anhydride. By direct heating, 
•odium carbonate is only slightly decomposed into sodium oxide and 
carbonic anhydride ) thus, when sodium corbooato is fused, about 
1 per oeoL of i;arbonic anhydride is disengaged." Tha carbonates of 
many other metals — for instance, of calcium, copper, magncEiom, iron, 
Ae, — on being heated lose all their carbonic onliydride. This shows 

D ihkkfl Qp ttilh a itjong aolntioa of ktnmoriiL) poui o9 (he fwduA. 
hBD msuo in the moclier liqnon, tc 
. igivieo (or Bodiaro catboMte. TheipwifiogriTily aflhs 
u wit i* Via, IhU of tlu d«ah;dnled silt I'lS. Tiro Turislisa mK knows ol 
Iha kapMhldnUd Mlt (Uirel. Huign«c, Butimstaliets), Bhich ue roimed togethei bj 
dlDwine ■ tttimted •alatus to oool under ft \tjat oF ^csbol ; the one a Uu itoble (lik* 
tba Dom^oading (ulplwie) tnd »IO°hu(Bolal>ilil;iit Slparta (of Eohjdrous ult) in 100 
ntu : Iba ollur is uum tUtil«, uid ila aolabilil} 3i) psrti <a( snhydioai lalt) par IQO ol 
mtei. The eolnbilitr ol the dsuhjfinted »lt in 100 inW ■- (t 0°. TO ; tilBf.nii M 
•0°, B7-lputi(ofuihfdroaiHlt}. Atsa° th«»lDbilil;iioiilyU-l,ittO>U-T.>t10l)>, 
Ut pull {of uih;liaiit edt}. Th&t ii, it Ml* ts Ibe t«np«nt<m tihi, liks Hij804. 
Ths ipaeifif gmnl]. (Note V) of tha •olnUoni of Kidiiun suboute, ueacdiag to the daU 
ot Oeilub Hid EohlnnMb, M Wll" i* expreued b^ the folmola, «oS,m*IO«-(p 
^0-ieSp'. Weak aalatiom ocoopT ■ volame nol ool; leu thui the eiini of the Toluaai 
ol tbauihidmusaelt uidlbe veter.bDt CTenlcssUuatbiKntleTniDUinsdintlwm. For 
Inituioe, l.UOD gnmi of > I p.e. •olntian ocoup; (it ID") s colame ot MOt c.c. [tp. gt. 
I-O0V7J, bat oontejn 880 gmn* of ntei, ocoupying el IS° e ntuso of NO'S c.c A 
•imilu ceie, which it compantivel; n» ocean al» with eodiom hjdioiMe, in IhoM 
dUale wlDtiDDi lor Hhich Uie (utut A ii gieelffi tbtf 100 il the ip. gt. at vatei et 4°> 
100,000, kad if the *p. gr. at the snlotiaD be eipreeeed b; the lormot* 8-S^'Ap* Bp*, 
where 5, is the ^leciGogrnTJtj of the wilier. For » p.o. the ep. gt. IB'/C-IOIIM; tor 10 
(lS. I'lOIT; for IG pA I'lMS. The ehsnges in the sp. gr. with the tempentnie en 
here ilmost (he Mmeu with solatioasol sodium chloride with en eqaet nine olp 

" He memblenos is so great that, notwiUiite tiding the diOeronce in the mDlecnlsr 
aompoBlioB of Ne^O. wd KhCO,, thsj ought to be elsased under the tjfii (N*0)iB, 
wtaMeB-BOiorCO. BUuf other Mdium selu also eo 



of Pickering. 
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the oontiderable basic energy which sodium possesses With the 
soluble salts of most metals, sodium carbouate gives precipitates 
either of insoluble carbonates of the metals, or else of the hydroxides 
(in this latter case carbonic anhydride is disengaged) , for in- 
stance, with barium salts it precipitates an insoluble barium car> 
bonate (BaCl, + Na,CO, s 2NaCl + BaCO|) and with thealuminiom 
salts it precipitates aluminium Tiydroxide, carbonic anhydride being 
disengaged 3Na,C0| + A1,(S04)3 + 3H,0 r:: SNajSO^ + 2A1(0H), 
-f 3C0]. Sodium carbonate, like all the salts of carbonic acid, evQlves 
carbonic anhydride on treatment with all adds wliich are to any extent 
energetic. But if an acid diluted with water be gradually added to a 
solution of sodium carbonate, tUfirtt such an evolution does not take 
place, because the excess of the carbonic anhydride forms acid sodium 
carbonate (sodium bicarbonate), NaHCO,.*® The acid sodium 
carbonate is an unstable salt. Not only when heated alone, but even 
on being slightly heated in solution, and also at the ordinaiy 
temperature in damp air, it loses carbonic anhydride and forms the 
normal salt And at the same time it is easy to obtain it in a pure 
crjTstalline form, if a strong solution of sodium carbonate be cooled and 
a stream of carbonic anhydride gas passed through it. The acid salt 
is less soluble in water than the normal,'* and therefore a strong 

*> The oompotition of thit mJI, however, mty be tX4o reproeenied ju a oombiaftlioe 
d oarbonio acid, H«COs, wiih the nomud lalt, Nt«COei Jo*^ ^ the Utter eleo ooa- 
1>i]ies with water. Saoh a oombination it all the more likely beoaoee (1) there exiate 
another lalt, Nt«C0j,9NaHC0s,SH,0 (todiom eeiqnioarbonate), obtained by eooUi« 
* boiling solution of aodiom bioarbonate, or by mixing this salt with the nonBal 
salt; hot the formnla of this salt cannot be derived from that of normal earbooiS 
aotd, as the formnla of the bioarbonate can. At the siune time the sesqoi-iall haa 
an the properties of a definite compound ; it crystallises in transparent orysteli, haa 
a constant composition, its solubility (at 0^ in 100 of water, 19*8 of anhydrona aalt) 
differs from the solubility of the normal and acid salts; it is found in nature, ^nd 
U known by the names of trona and urao. The obserrations of Watts and Biohaida 
showed (1888) that on pouring a strong solution of the acid salt into a solution of tha 
normal salt saturated by heating, crystals of the salt NaHCOs,Na9COs,SH,0 may ba 
easily obtained, as long as the temperature it above 86°. The natural urao (Bonsaingaalt) 
has, according to Laurent, the same composition. This salt it very stable in air, and 
may be used for purifying sodium carbonate on the large scale. Such compounds have 
been little studied from a theoretical point of view, although particularly inteiesting, linoa 
in all probability they correspond with ortho-carbonio acid, C(0H)4, and at the same tima 
cowespopd with double salU like astrachanit^ (Chapter XIV., Note Sft). (S) Water ol 
OTstallisation does not enter into the composition of the crystals of the acid salt, so thai oa 
Its fcmnation (oocurring only at low temperatures, as in the formation of orystaUina com- 
pounds with water) the water of orystallisation of the normal salt separatee and the water 
fi, as it were, replaced by the elements of carbonic acid. If anhydrous sodium caibooala 
be mixed with the amount of water requisite for the forroatioo of NatCOgHsO, thia aall 
wiU, when powdered, absorb CO* as eadly at the ordinary temperature as it does watw. 
^ 100 parts of water at 0^ dissolve 7 parte of the add salt, whioh oonaepoads with 
4*8 parte of the aahydrous normal salt, bttt at 0<* 100 pafli of water diseolva 7 pvtsof 
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•olatfon of t)i« latter givet cr^sUils of the kcid s&H If carbonic 
anbfdride be posaed through it. The acid salt may be yet more 
OODveoiently formed from effloresced crystals of sodium carbona(«, 
which, on being considerably heated, veiy easily absorb carbonic anhy- 
dride," The acid salt crystaliises veil, but not, however, in such large 
crystalH as the nonnal salt ; it hia a brackish and not an alkaline taste 
likethatof the normal salt i iu reaction is feeblyalkaline, nearly neutral. 
At 70° its solution begins to lose carbonic anhydride, and on boiling the 
evolution becomea very abundant. From the preceding remarks it is 
dear that in most reactions this salt, especially when heated, acts 
similarly to the normal ult, but has, naturally, some distinction from 
it. Thus, for example, if a solution of sodium carbonate be added to a 
normal magnesium salt, a turbidity (precipitate! is formed of magnesium 
oarbonate, MgCO,. No auah precipitate b formed by the acid salt, 
Iwcaaae magnesium carbonate is soluble in the presence of an excess of 
carbonic anhydride. 

Sodium carbonatA is uaed for the preparation of caiutu; soda^' — 
that is, the hydrate of sodium oxide, or the alkali which oorresponds 
to sodium. For this purpose the action of lime on a solution of 
Bodium carbonate is gcnomlly made use of. The process is aa follows : 
a weak, genefolly 10 per cent., aolntion of sodium carbonate is taken," 

tbs llWet. TTu- (olubJilj ol the bl- or uid oalt Tirios with tonBLdenbk rogularitj, 
too pcrU of vnXar diSKilvea .t IB" D parta ol the wit, it M" 11 psrts. 

TbB UEUdODU proc«aa {mo p. E34} ii founded opon tbia. Anuoqiuiun ^HChrbaute (4eid 
eubduM) >t 0' hm t Klnbilil; ot IS paits in 100 wnicr. at 80° ol n puU. The •oln- 
bnity thenforo tAcrsaui Ter; npidlf with tHo tumpef^tOTo, And iU uturated tolDtkiD 
(■ mon aUblolhui ■ aolution ol uodiom bicubooBU, In fact, utoitleil aotntioni ol 
thaioBaltBbiiTOkghWOiiBtflDuonUko t^L^ of* mirturo oF caibonJc uihydrjd« uid wtVn^* 
nunel}', kt lt° ind •( E0°, lor the Bodinm ult 110 uid 7S0niilltiiii)tre>,raT the uamoiiiDin 
ult 110 BSd GBS milliiaetrea. Theu d&ta ire ot great imporlnooe in underBtHiding tbs 
phmomeni connected with the nminODil proceti. Tbej indicnte Ihst nilh in Lncieued 
preesiue tlis lana&tion ol the todium ult ongbt to inonwia i[ there bs ad ficeu ol unDii>- 

'^ Cryitkllino sodium c&iboDito (broktfb into [wDpi) *lio ftbaorbe carbonjo uJiydride. 
but the vilEr contained in ao crjstila is tben diiengnged: NagCOj.IOHiO+CO, 
- Ni^), B,C0,-f9H,0,iuid di»olTee part ot the oaibosito ; thsnloTO put or the BodiuiD 
oubonkts pana* into aolatioa togethac uith tU tbe imporitiea. When it ia nqoired to 
avoid tha fonnation af thia aolation, a miituia of i^tad and cr^ilalllDfl aodium carbon&ba 
is laliBD. Bodlom bicuboDate ii prepared ohiaSir lot medicinal dm, and ii then often 
termed carimatt o/ 1 odo, alao. tot instance, in the ao-oklted soda powders, for prepuing 
cerltin attiflclal mineraJ HBteri, for the manofkctora ol digealiTe Idkangea like thoao 
madfl at Biaentiiki. Viofaj, Ac. 

* In chenlitry, •odiam oilde la termed ' aoda,' ohioh Woid iniut be oarefnllj diitin- 
glUahed from the vord sodloffl, meaning the metal, 

*• Vith a email qoantily ot *ater, the reaction cithai doei not take place, or eren 
pi>o«ed« in tbe tanne oa; — that la, aodiBni uid pobuainio bjdniidiia retnoTe oaibonio 
m calcioiD carbonala (liebig, Vataoo, Uitanhoiljah, and cUwn). Tbs in- 
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and boiled in a oist-iron, wrought-iron, or silver boiler (sodium hydros* 
ide does not act on these metals), and lime is added, little by little^ 
during the boiling. This latter is soluble in water, although but verj 
slightly. The clear solution becomes turbid on the addition of the lime 
because a precipitate is formed ; this precipitate consists of calcium 
carbonate, almost insoluble in water, whilst caustic soda is formed and 
remains in solution. The decomposition is effected according to the 
equation Na,CO, + Ca(HO), = OaCO, + 2NaH0. On cooling the 
solution the calcium carbonate easily settles as a precipitate, and the 
dear solution or alkali above it contains the easily soluble sodium 
hydroxide formed in the reaction.^^ After the necessary quanti^ of 
lime has been added, the solution is allowed to stand, and is then 
decanted off and evaporated in cast or wroughb iron boilers, or in silver 
pans if a perfectly pure product is required.*® The evaporation cannot 

flwuioe of the iuam of water is erident According to Gerbertt, however, etionf 
ioltttioiui of eodiom carbonate are decompoeed bj lime, which is very intereeting if coo- 
firmed by farther inreitigation. 

^ At long aa any ondecompoeed eodiom carbonate jremaina In etdaUan, egoeii 
of acid addAd to the eolntion ditengages carbonic anhydride, and the loluiioa after dilu- 
tion giTOt a white precipitate with a barinm lalt eolnble in acidi, showing the pweenoe d 
a carbonate ilk eolation (if there be salphate preeent, it also forms a white pceeipitali^ 
Imt this b insoluble in acids). For the decomposition of sodiam carbonate, milk of lime 
— Ihat is, slaked slime suspended in water — ^is employed. Formerly pare sodiam hydros- 
Ide was prepared (according to Berthollet's process) by dissoWing the impare eobelMioe in 
alcohol (sodiam carbonate and sulphate are not soluble), but now that metallio eodiom bar 
become cheap and is purified by distillation, purt eau$tie §oda is prepared by aoting oa 
a smaU quantity of water ¥rith sodium. Perfectly pure sodium hydroxide may also be 
obtained by allowing strong solutions to crystallise (in the cold) (Note 97). 

In alkali works where the Leblanc process is used, caustic soda is prepared direotly from 
the alkali remaining in the mother liquors after the separation of the sodium earbonata 
by eraporation (Note 14). If excess of lime and charooal have been used, mooh •**«'«Tm 
hydroxide may.be obtained. After the removal as much as possible of the eodiom oarboo* 
ate, a red liquid (from iron oxide) is left, containing sodium hydroxide mixed with eom* 
pounds of sulphur and of cyanogen (see Chapter IX.) and also containing iron. This red 
alkali is evaporated and air is blown through it, which oxidises the impurities (for thia 
purpose sometimes sodium nitrate is added, or bleaching powder, Sec) and leavee fused 
caustic soda. The fused mass is allowed to settle in order to separate the ferroginooa 
ptecipitate, and poured mto iron drams, where the sodium hydroxide solidifiea. 3mh 
caustic soda contains about 10 p.c. of water in excess and some saline imporitiee, bol 
when properly manufaotursd b almoet free from carbonate ind from iron. The gieater 
pari of the caustic soda, which forms so important an article of *^«w»imi>t^w^^ u «n^i««*fjy^^i^i^ 
In this manner* 

*< Liiwig gave a method of prepanng sodium hydroxide from eodiom oaibonale by 
heating it to a dull red heat with an excess of ferric oxide. Carbonic anhydride is given 
off, and warm water extracts the caustic soda from the remaining mass. This Teaotioo, 
ae experiment shows, proceeds very easily, and is an example of contact aotioa rimilar 
lo that of ferric oxide on the decomposition of potassium chlorate. The rsaaon 
of this may be that a small quantity of the sodium carbonate enters into doable deoom* 
posittqn with the ferrio oxide, and the ferric carbonate produced it deoompoaed into 
eaibonio anbydiide and ftrrio oside, the aetioo ol which it rtntwtd. Oimihur 




be conducted io china, gUsa, or Eimilar vesseis, because caustio soda 
attackfl tbeae materiaia, although but slightlj. The Eolution does not 
oijstalUse on evapomtiou, because the solubility of caustic soda when 
hot ia very great, but crystals ccutaining water of crystallisation may 
be obtained by cooling. If the evaporation of the alkali be conducted 
until the speciflo gravity reaches 1*38, end the liquid is then oooled 
to 0°, traosparent crystals appear containing SNaHO.THgO; they 
fuse at +6°." If the evaporation be conducted so long as water is dia- 
eng^ed, which requtrea a considerable amount of heat, then, on cooling, 
the hydroxide, NaHO, solidifies in a semi-transparent crystalline mass," 
which eagerly absorbs moisture and -carbonic anhydride from the air." 
Its specific gravity is 2'13 ,'" it is easily soluble in water, with disen- 
gagement of a considerable quantity of heat.'' A saturated solution 
at the ordiuiry temperature has a specific gravity of about V5, coatiins 
about 45 per cent, of sodium hydroxide, and boils at 1 30° ; at 55" water 
dissolves an equal weight of it.'' Caustic soda is not only soluble in 

ceptJDE] of contact which, Acoordii]gtoiDjopiai<Mj,GonftiBtain th^ohdAge ol motioti of tha 
atomi In tb« ma]«ciUea aadei Iba inSiiBDcB at the •nbtltace in conltct. In order to 
npreeant thiaolenrlj it !■ Bafficifiat, fotibBUDCfi.toinuigmfl that !d lh« eodiBm cArboDfeM 
tlieetamenUCOt more ink oird« round thselomenU N>,0, butfttths poinUof conUot 
with FsjOg the motienbecomsi elliptic with ^ long uis. uid ttKmediituica from Nb,0 
theclementiof CO, trapirted. not having the [icdU^ of sttiichiiiK themselie> to FoiO,. 
" B; klloving itrong Bolationi ol (odium hjrdroTide to cryitallias in the odd. 
Impurities— inch u, for iasUinca. ■odiora aulphitc— dbt >» Kpa»Ied from tbein, Ths 
fnisd CTTittUohjiIr&ta BNiiH0,7HiO tomu ■ solotiaa h»ing a cpeciBc graiity ol 1109. 
{Hanue*), Tho crjBtilB on diiholring io water produco cold, whilo NnHO ptodooe* 
benl. Be»d« which Pickering ohtained hydrate! with 1, % 4, 5, and 7 H,0. 

" In BcJid CBUetio Boda there b general!; an eiceai cI water beyond that required hj 
the lonoula NaBO. The cauetic loda nied in Ubontorioi is gen orally caeC in itlcka, 
which are hrokeo into pieoei- It mnat bo preeerred in carofoUjr cloud veaaelB, beoadao 
it ahfiorbe wal^r and csrlnnlo anhydride from the air- 

" Bj the war >' changea in air it <■ eaij lo diitingniib canatic aoda (ram canitie 
potiah, which in gaoaral reHisblaa it Both alkaLa abaorb water and. carbonic aohjdrida 
from the air, but cauatic potash farmia deliqueecent maiiol potaa>iumcarl»uata,whnal 
canatie aoda (omu ■ dry powder of efflorescent aalt. 

>° &a the moleoulai freight of NaHO = 10, the Tolume of lu molecule - tO/aiS c le-E, 
wbich Terj nearly approaches the Tolume of a molecule of water. The aaine rnle appliea 
lo the compounde of eodiam in general-— for inatance, ita aalta have a molecular Toluma 
•ppfoacbing the Tolome of the acidt from which they are derived. 

^1 The molecular quantity of aodlom hydroiide iiO grama), on being diaaolved in a 
Luge maaa (900 gram moleculet) ol water, deielapa. according to Berthetot 8,7S0, and 
awarding to Thomeeo B,S4D, heat-unita, bot at 100° about 1S,000 (Becthelot). SolntloD* 
ol NuHO + nHgO, on being uiied with water, svelte heat il they cnntaln leaa than (1H]0, 
but il nioi« they abiorb heat: 

" The apeoiio gniity ol eolntiona ol eodiam hydnnlde at IE°/4° ii ^Ten in Uu jbwt 
I ttUa below:— 

^^H> NaHO,p.c. . S 10 » £0 30 «0 

^^^^b 9p. gc. . . . 1-on I'llB I'lOS 1391 1B31 1'4M 
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ing with the alkali, then^ naturally, a salt of the correeponding acid la 
formed. For example, chlorine and sulphur act in this way on caostio 
soda. Chlorine, with the hydrogen of the caustic soda, forms hydrochloric 
aoid, and the latter forms common salt with the sodium hydroxide^ 
whilst the other atom in the molecule of chlorine, CI2, takes the plate 
of the hydrogen, and forms the hypochlorite, NaClO In the same way, 
by the action of sodium hydroxide on sulphur, hydrogen sulphide is 
formed, which acts on the soda forming sodium atUphide, in addition to 
which sodium thiosulphate is formed (see Chapter XX.) By virtue of 
such reactions, sodium hydroxide acts on many metals and non-metals. 
Such action is often accelerated by the presence of the oxygen of the 
air, as by this means the formation of acids and oxides rich in oxygen 
is facilitated. Thus many metals and their lower oxides, in the presence 
of an alkali, absorb oxygen and form acids. Even manganese peroxide, 
when mixed with caustic soda, is capable of absorbing the oxygen of 
the air, and forming sodium manganate. Organic acids when heated 
with caustic soda give up to it the elements of carbonic anhydride^ 
forming sodium carbonate, and separating that hydi*ooarbon group 
which exists, in combination with carbonic anhydride, in the organic 
acid. 

Thus sodium hydroxide, like the soluble alkalis in general, ranks 
amongst the most active substances in the chemical sense of the term, 
and but few substances are capable of resisting it. Even siliceous rocks^ 
as we shall see further on, are transformed by it, forming when fused 
with it vitreous slags. Sodium hydroxide (like ammonium and potassium 
hydroxides), as a typical example of the basic hydrates, in distinctioa 
from many other basic oxides, easily forms acid salts with acids (for 
instance, NaHS04, NaHCOa), and does not form any basic salts ai 
all ; whilst many less energetic bases, such as the oxides of copper 
and lead, easily form basic salts, but acid salts only with diffiooltj. 
This capability of forming acid salts, particularly ix^ith poly basic 
acids, may be explained by the energetic basic properties of sodium 
hydroxide, contrasted with the small development of these properties 
in the bases which easily form basic salts. An energetic base ie 
capable of retaining a considerable quantity of acid, which a slightly 
energetic base would not have the power of doing* Also, as will be 
shown in the subsequent chapters, sodium belongs to the univalent 
metals, being exchangeable for hydrogen atom for atom-i-that Is^ 
amongst metals sodium may, like chlorine amongst the non-metals, serve 
as the representative of the univalent properties. Most of the dements 
which are not capable of forming acid salts are bivalent. Whence 
It may be understood that in a bibasic add — lor <rff^TM?% cMboofab 
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HiGOji'or nlphuric, H,SO,— the bjclrogea maj be oxohanged, Atom 
for atom, for sodium, and yield an Bcid salt bj meana of the first 
■ubstitutioo, and a normal salt bf means of the second — for inBbutce, 
NaHSOj, and Na,SO,, whilst such bivalent metals as calcium Mid 
bariom do not form acid salts because od« of their atoms at odc« 
takw the place of both hydrogen atoms, forming, for example, CaCO, 
ud CaSO,."<'>» 

We have seen the transformalion of common salt into sodium 
snlpbate, of this latter into sodium carbonata, and of sodium carbonate 
into caustic soda. Lavoisier still regarded sodium hydroxide as an 
element, because he was unacquainted with its decompi^ition with the 
formatioa of metallic sodium, which separates the hydrogen from water, 
reforming caustic soda. 

The preparation of metallu; todUim was one oE the greatest dis- 
coveries in chemistry, not only because through it the conception of 
elements became broader and more correct, but especially because in 
sodinm, chemical properties were observed which were but feebly ahown 
in the other metals more familiarly known. This discovery was made 
in 1607 by the English chemist J}avf/ by means of the galvanic 
cnrrent. By connecting with the positivp pole (of copper or carbon) 
ft piece of caustic soda (moistened in ortler to obtain electrical con- 
ductivity), and boring a hole in it filled with mercury connected with 
the negative pole of a strong Volta's pOe, Davy observed that on passing 
the cnrrent a peculiar metal dissolved in the mercury, less volatile 
than mercury, and capable of decomposing water, again forming 
caustic soda. In this way (by analyaa and synthesis) Davy -demon- 
Btrated the compound nature of alliolis. On being decomposed by the 
galvanic current, caustic soda disengages hydrogen and sodium at the 

">'■ It migttbo(>i|i«fted, Fnoi irlwt liubsaa mBHtioDed ikbovo, that bi^iloit metals 
would ouilj form acid saltg with acidflcoDtaijiiiigmoro than two atomn of hydrogflu — for 
instance, villi tribuio acids, SDch at {Jwapboho scid, H3FO, — and actually noch laJta do 
Bxiat i bnt all mcb reJationI an complicated bj tha fact that tba character of tbfl baaa 
very oft«n ohasgel and becomua weakenfid witb the mciaaH of vaJflDcj aad tb« filufiga 
of atamio *«ght ; the feebler b«M> (lika ailTei oiidel, althongh comspoading irith 
VniTaleal melals, do not fonn add lalW, while the teebleit bawatCoO, PbO. £c.)eaiUr 
form basie uJta, and notwithtlanding bbeir Talenoj do not form acid aalta which an in 
anj degree itablt— tiiat ia. which an mideecanpoiahlA by water- Gaaie uid acid BalU 
otight to b« rrgarded rather ai eompoonda aimilar to ciTilallD-hTdraiei, b«BaM lach 
■cide aa luIpbDiic (ana witb Mdinm not onl} aa lad and a noinul uJt, lu might ha et- 
pect^d fmra the valeoof of aodinm, bnt alio lalti containing a greater quantitj of acid. 
In Bodiom Hequioubonale we law an eiample of nch compoondi. Talcing all thit into 
oonilderttion, we mnit aaj that the pnpeitr al mors or lets eaailj fonniag acid aalt> 
depanda mora upon the energy of the baae than apon iu Talancj', and the beit etalement 
Is tliat tilt tapaeily 0/ » ban/or forming acid and batie (oUt it r^araclcrulie, jut 
M the Isonl^ ol Gxioiiig'coii^ounda witb h jdragen ia abaTset«riiUo at elementa. 
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negatire pole and oxygen at tho positive pole. Davy showed that the 
metal formed volatilises at a red heat, and this is its roost important 
physical property in relation to its extraction, all later methods being 
founded on it Besides this Dary observed that sodium easily oxidisei^ 
its vapour taking fire in air, and the latter circumstance was for a 
long time an obstacle to the easy preparation of this metaL The 
properties of sodium were subsequently more thoroughly investigated 
by Qay-Lussac and Thdnard, who observed that metallic iron at a high 
temperature was capable of reducing caustic soda to sodium.'* Bmnncr 
latterly discovered that not only iron, but also charcoal, has this 
property, although hydrogen has not' ^ But still the methods of ex« 
tracting sodium were very troublesome, and consequently it was a great 
rarity. The principal obstacle to its production was that an endeavour 
was made to condense the easily-oxidising vapours of sodium in vacuo 
in complicated apparatus. For this reason, when Donny and Maresca, 
having thoroughly studied the matter, constructed a specially simple 
condenser, the production of sodium was much facilitated. Further- 
more, in practice the most important epoch in the history of the 
production of sodium is comprised in the investigation of Sainte-Claire 
Deville, who avoided the complex methods in vogue up to that time, 
and furnished those simple means by which the production of sodium la 
now rendered feasible in chemical works. 

For the production of sodium according to Deville's method, a 
mixture of anhydrous sodium carbonate (7 parts), charcoal (two parts), 
and lime or chalk (7 pails) is heated. This latter ingredient is only 
added in order that the sodium carbonate, on fusing, shall not separate 

^ Deville supposes that such a decomposition of soclium hydroxide by mciallio iron 
depends solely on the diesoclAtion of tho alkali at a white heat into sodioxn, bydrogaa, 
and oxygen. Here the part played by the iron is only that it retains the oxygen fonned, 
otherwise tho decomposed elements would again reunite upon cot)ling, as in other cases 
of dissociation. If it be supposed that the temperature at the commencement of the dis- 
sociation of the iron oxides is highet than that of sodium oxide, then the decomposition 
may be explained by Deville's hypothesis. Deville demonstrates his views by the follow- 
ing experiment :— An iron bottle, filled with iron borings, was heated in such a way that 
the upper part became red hot, the lower part remaining cooler ; sodium hydroxide was 
Introduced into the upper part. The decomposition was then effected — that is, sodium 
vapours were produced (this experiment was really performed with potassium hydroxidey. 
On opening the bottle it was found that the iron in the upper part was not oxidised, 
but only that in the lower part. This may be explained by the decomposition of Um 
alkali into sodium, hydrogen, and oxygen tiiking place in the upper pdxt, whilkt the iron 
in the lower part absorbed tho oxygen set free. If the whole bottle be subjected to tlie 
same moderate heat as the lower extremity, no metallic vapours are formed. In thai 
ease, according to the hypothesis, the temperature is insufficient for the dissodation off 
the sodium hydroxide. 

'^ It has been previously remarked (Chapter 11. Note 9) that Beketoil showed 
the displacement of sodium by hydrogen, not from sodium hydroxide bat from the oxidm 
liagO i then, however, only one half is displaced, with the formation of NaHO 
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from tie ehttTcoiiI.'* The chalk on b*ing Tiented losea carboaio anhj. 
dride, lettving infuBiWe lime, which is permeawd by the sodiuoi 
MrbonaM and forms a thick mass, ib which the charcoal is iiitimat«ly 
mixed with the aodiuot carbonate. When the charcoal ia heated wi^ 
the lodiau carbonate, at a white beat, carbonic oxide and vapouts of 
•odiom are disengaged, acoordiog to the equation : 
NajCOj + 20 = Na, + 3C0 

On ceoltDg the vapours and gaMs diaengaged, the vapours condeoao 
faito molten metal {in this form lodtDn does not easily oxidise whilst 
in vapour it burns) and the oarbonic oxide rem^s as gas. 

Id aodiom works an iron tobe, about a metre long and a dectmeler 




IB diameter, is made out of boiler plate. The pipe ia lut«d into ■ 
furnace having a strong draught, capable of giving a high temperatnret 
and the tube is charged with the mixture required for the preparation 
of sodium. One end of the tube ia closed with a cast-iron stopper A 
with clay luting, and the other with the oast-iron stopper provided 

Ed Clie clqae ot Ills sightisB Id Eogluid, where the pnpitratloii at •odium it li 



. I.rK« 



nereial ( 






lev xirka io Fruice), i( hka bean Uw pc«cti« (o tM to Derilte'* 
tDiitDt* iron, oi iroo oiids wtiicb with the chuwn] giiei motiillio uid CAibarettMl inn, 
which itill furlheT racililntefl the docDiupoBilion- At pn^t«a4 a. Itilegnun of Bodjom nu^ 
bo poichueJ (oc nboDt Iha ume mm (21-) >• e gnia coet thiitj y«im tgo. Cutner, Is 
EcgUod, gniitlj iinprnvud the Dunafftetnre oF aodiam ia large qofu^bitiea, tad to 
cbMpened it lU ft tedacing ngeot in tbe prepiiatioii of mettUia &liimialaiD. Be heitod 
s miitnre o( 41 patU of NoBO, ud T firta ol cubide of iron in luge icau retort* 
id obti,inad bIwdI 8^ puti al metallio aodiam. The reaction inoceMta 
bbmHj tiiAD with caibon or iioa iJone. uid the decompoiition o the NkHO proceed! 
WwtSiig to the eqamion: BN&HO + C^NiiCOs-f 8B< Na. Sabutqaentlr, in ISn, 
prepued bf elMlro1;iiii (ki Chiptac X.Vn.], aad mfldlic ■odium (mnl 
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with an aperture. On heating, first of all the moisture contained- in 
the various substanoes is given otT, then carbonic anhydride and Uie 
products of the dry distillation of the charcoal, then the latter begins 

to act on the sodium carbonate, and oarbonio 
oxide and vapours of sodium appear. It is easy 
to observe the appearance of Uie latter, beoanse 
on issuing from the aperture in the stopper 
they take fire spontaneously and bum with a 
very bright yellow flame. A pipe is then in* 
troduced into the aperture 0, compelling the 
vapours axid gases formed to pass through the 
j no. 7L-DonoT and Uamoa'i condcnscr B. This condcnscr consists ol two 
toy's trcr?S>n'5?£ ^q"*"^ cast-iron trays, A and A', dg, 71, with 
•orewed togrther. ^j^g ^^ firmly BorewcH together. Between 

these two trays there is a space in which the condensation of the 
vapours of sodium is efiteoted, the thin metallic walls of the condenser 
being cooled by the air but remaining hot enough to preserve the 
sodium in a liquid state, so that it does not choke the apparatus, but 
oontinually flows from it. The vapours of sodium, condensing in the 
cooler, flow in the shape of liquid metal into a vessel containing some 
non- volatile naphtha or hydrocarbon. This is used in order to prevent 
the sodium oxidising as it issues from the condenser at a somewhat 
high temperature. In order to obtain sodium of a pure quality it is 
necessary to distil it once more, which may -even be done in porcelain 
retorts, but the distillation must be conducted ii^ a stream of some gas 
on which sodium does not act, for instance in a stream of nitrogen ; 
carbonic anhydride i^ not applicable, because sodium partially de« 
composes it, absorbing oxygen from it. Although the above described 
methods of preparing sodium by chemical means have proved very con- 
venient in practice, still it is now (since 1893) found profitable in 
England to obtain it (to the amount of several tons a week) by Davy's 
classical method, i.e. by the action of an electric current at a moderately 
high temperature, because the means for producing an electric current 
(by motors and dynamos) now render this quite feasible. This may bis 
r^arded as a sign that in process of time many other technical methods 
for producing various substances by decomposUioh may be profitably 
carried on by electrolysis. 

Pure sodium is a lustrous metal, white as silver, soft as wax ; it 
becomes brittle in the cold. In ordinary moist air it quickly tarnishes 



iwo new UM8 ; (1) for the maQof aotore of peroxide of qodium (86e later on) whioh It 

In bleaching works, and (2) in the manofactare of potassium cod sodiom oya&idc fame 

jellow prnssiate (Chapter XIII., Note 19). 
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hnd becomes eo^red with a Blm of hydroicidB, NaHO, formed at the 
expense of the water in the air. In perfectly dry air sodium retaina 
il9 loatre tor sn indefinite time. Its density at the ordinary tempera- 
ture is equal to 0-98, so that it ia lighter than water ; it fuses very 
easily at s. temperature of 95°, and distils at a bright red heat (T42' 
according to Fcrtnan, 1889). Scott (1887) delennined the deority of 
sodium vapour and found it to be nearly 12 (if H = 1). This GhowH that 
its molecule contains one atom (like nieroury and cadmium) Na," *'• It 
forma alloys with most metals, combining with them, heat being some- 
tiiaes evol ved and anmetimes absorbed. Thus, if sodium (having a clean 
surface) ho thrown into mercury, especially when beated, there is a Sash, 
and auch a considerable amount of heat is evolved that part of the 
mercury ia transformed into vapour '^ Oompoands or solutions of 
sodium in mercury, or nmalgama of sodium, even when containing 
2 parts of sodium to 100 parts of mercury, are solids. Only those 
amalgams which are the very poorest in sodium are liquid, Such alloys 
of sodium with mercury are often used instead of sodium in chemical 
invFstigationa, because in combination witb mercury sodium is not 
easily acted on by air, and is heavier than water, and therefore more 
convenient to handle, whilst at the same time it retains the principsJ 
properties of sodium.*" for instance it decomposes water, forming 
NaHO. 

It ia easy to form an alloy of mercury and sodium having a crysial- 
Uce structure, and a definite atomic composition, NaBg,. The alloy of 
■odium with hydrogennr aodiiinihy<lnde,'iia,H, which has the external 
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k lurger umuat of merciu; llun MiHgj, ttie inuiuul ol hetl evolved iacKues, 
■Iter wbich the heutol lomutioa I>lli,uiaibetititevotvi<ddec[«M». In tbe iDrmnUon 
ol N^Ei aboal 18,^00 cftlcriea ue eialved; when NnHgjiii fonaed, sboui It.DOO ; uid 
tor NftHg Rlioilt 10,000 uftlcriei. EnJl reguded the dsGnits cTjiUlliDS wiujgui M 
tuning the cinDpoBilioa of NiiBgi, but ctt ths preMut time, in ucaiduica wilb Oriuuldi'a 
mulli, it i> thought to bo NiBg|, A umitu us&lgun ia vu; eui!; obtuoed it a 
8 p.D. .m.Tg.m bo lell Mverikl dsji in ft toIuUonot udium b^droiida until keijitsUins 
mmuis formed, fronmblch the raffrcnEf may be rejoOTed by 'ttonglj pressiug in clumois 
Loalher. Tha ■iniiTgM., vith n ■olntiiin of patABaium bjdroiide formi e poU6«iuq) 
■nulguD, XHg|,j, It nuf be meatioDcd here Hut Uu Ittenl beat oI luign (ol abiiuia 
quutilioB) of Hg = 8(10 (Ponoune), So. = 180 (Joiuimi), and K =. aiO ralories (Jo«ini»). 

"> Ailoys MO 10 similiir lo Bolutiont (elhibiting BDcb eomplelo pscailalism in pioper- 
lipB} thai tliey are included in the lame cIasb of Ao^bUlful indvdnite comi^oiindL But'ia 
klloTs, as BabetaoceB p^uing ffom the liquid to (he tolid itato, it it euiei to diBOurei Uie 
loTciaiioaof doEnita ebemicil compoiudB. BoBidee Iba aUojaol Na with Hg.thoiewilh 
linCBslk; 1893 loond N'atSn), lead (t<aPb),biiunntli(Mji^iJ, Jic. (Jouuiit ISSa and athua) 
hare b«eu iDTUtigatad. 
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mfft^nnce of ftmeUl,*' is * most instructire ezAmple of the charmeterw 
ktics of allojt. At the ordixutfj tampenture lodiam doee not absocb 
bjdrogeo, bot from 300^ to 42V the ftbecrptioa tdut pUee at tb* 
ordinarj preetore (and at an increased prepare eren at higher t«iii* 
peratorea), aa shown bj Troost and Hantefenille (1874). One Tolama 
of sodium abeorbe aa much aa 238 Tolnmes of bjdrogen. The metal 
inereasee in Totame, and when once firmed the aUoj can be preeerred 
lor some time without change at the ordinafy temperataie. The 
appearance of sodium hydride reeemblet that of sodium itself ; it ia 
as soft aa this latter, when heated it becomes brittle, and deoompoees 
lUwre 300^, evolving hjdrogen^ In this deoompoeition all the pheno- 
mena of diMociation are very clearly shown — that is, the hydrogen 
gM evolved has a definite tension ** corresponding witl^ each definite 
temperature. This confirms the fact that the formation of snbetaaoee 
Ci^ble of dissociation can only be accomplished within the distodatioo 
limita. Bodiom hydride melts more easfly than sodium itself and thea 
does not undergo decomposition if it is in an aUnospbere of hydrqgeo. 
It oxidises easily in air, but not so easily as potassiam hydride. The 
ohemioal reactions of sodium are -retained in its hydride, and, if we maj 
so express it, they are even increased by the addition of hydrogen. At 
all events, in the properties of sodium hydride *^ we see other propertifli 
than in such hydrogen compounds as HCl, H,0, H^N, H4C, or erea 
in the gaseous metallic hydridea AsH|, TeH,. Platinum, palladium, 
nickel, and iron, in absorbing hydrogen form compounds in which 
hydrogen is in a similar state. In thera, as in sodium hydride, the 
hydrogon is compressed, absorbed, occluded (Chapter II.) ^^ 

** PoUsdmB fonu ft timikr oompoand, btit lithiam, uad/u Um sum oixeosiflsBOSib 

dOMDOi. 

^ Ili« t«ofion of diMooUiion of hydrogen p, in mOlimetrM ci mtiteaxj, U :-> 

t - 880^ 8500 400* 4aO«> 
(or NftaH pm 88 67 447 910 

forS^ 40 79 548 tlOO 

^ In general, daring the formation of elloys the rohimee change very eUg^tlj, sod 
therefore from the rolome of Na^H iome idea may be formed of the volome of 
hydrogon in a solid or liquid etate. Eras Archimedea ooooladed that there was gold 
In an alloy of copper and gold by reason of ite volume and density. Frott the iaflt tksl 
the denaity of Na^H it equal to 0*000, it may be seen that tha volume of 47 gMBM (the 
gram molecule) of thia compound • 49*0 co. The volume of 40 grama of sediam ooa* 
tained in the NaaH (the dennty under the aame condition^ being 01)7) ia equal to 4T4 
OA Therefore the volume of 1 gram of hydrogen in NajH is equal to 1*6 ca, and eonss 
quently the density of metallic hydrogen, or the weight of 1 0^, approaches O'O gnia. 
Thli density is also proper to the hydrogen alloyed with potasaium and r^ii*^<««»- 
ladging from the scanty information which is at present available, liquid hydrogea nest 
Ite abeolote boiling point (Chapter IL) haa a much lower density. 

tf »!• We may remark that at low temperatures Na absorbe NH, and forma (lfH|Na)i 
{H$ OhMtar VL, Note 14) ; this tnbttaaoe absorbs CO and givea (NaCO)n (Chapl« 
Hots 81), although by itself Ns does not oombCne dirwstly with CO (but K doss). 
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The most important ebemicol property o( Eodium ia ita power of 
eanly decomposing water anrf nvoloing hydrogen from iha m^ority of 
the hydrogen comptiuads, and fispecially from all acids, and hydrates 

which hydroxyl must be recognised. This depends on its power ot 
combining with the elencnU which are in conliiQation with the 
hydrogen. We already know that sodium disengages hydrogen, not 
«nly from waler, hydrochloric acid,*' and all other acids, but aUo from 
amraoDia,** ^'' with the formation of sndamtde NH,Na, although i( 
does not digploee hydrogen from the hydrocarboua." Sodium bums 

** II. A. ficliDiIdt reiDftrbed that peifecUy dry hydiogea ctloHcIa it d«c<nn|»i4d 
with grvat ^ifficQllf by todiBm, Klthough btu ^acompoaitiaii pn««lH AuUy vjtL poUd- 
idiuii snj wllb •odium Id moist hydcageii chlorido. Wuiklyn kIm remubed that udium 
-buns Hilh great difficulty in dry chlixtau, Probtblj tbe» fioti tra relited to oQua 
jthmomeat obmrfed by Diion, oha faniid tlut pcrfKUy dry ctrbonic oiido don uA 
eiploda vith oiygea dd ewdng ui almtiic epuk 

H '■I' aoAtmiie, NHJIb, (ChmptBI IV, Nolo It), diacoMKd by GiyLgasM uA 
T1ifi»rd,butDniiei! Ihe Dbjwit of repeated reBeucb. but hsitwm most (ally iaveitigiited 
liy A. W. Titfaeiley (IBM), tJatil recently tbi lolIawiDg itu nU tbil «u kaawa Jxiut 

By liefttiug Bodiom in dry unmonin, Q&y-LuiB&d And ThAinrd obtalnod in oUvfr 
fnen, euily-tniible nun, todamiie, NHgNi.liydi«eea being Hptnlcd. Tbia lubituioe 
wHb wxia fcumi lodiivn ltydroiid« aod wnnieDift \ with cHrbcmic otide^ GO, it forme 
Mdiuni oyuiidf , N»CN| and nster, H^O; and vitb dry hydrogen chloride il lormB Bodian 
utd uunDniiun clilorldet. Tbeu uid other leMtions ol udiunide ihov that IIib metal 
in it pceienea itg eoergatio properties in nutloo, ond tbat Ihit componnd ol Kdlom ie 
more ilibla tbin tbe correipoiidiBB cUorins amide. When betted, lod&mide, NH,Ne, 
only partially deoonlpoHai Tith ciolation ot hydrogen, (be principal put ol it giving 
ammonia and sodium nilHde, Na^N, according to Ih* equation 8NB^a» INH] + NNa» 
lb* Utt«i Is an almaat black potrdory ouea, dacompOHil by water Inla unmcoia and 
■odium hydroxide. 

Titherley'a reaearcbei addod llu following ilala :— 

Iron or ailTer veisftla mboutd bo uaed in propAring thit body, becsDie gUsa and 
|iorc«1a1o are corroded at fi00^-4D0^, at which temperature ammonia gsa acta opoii 
•odiEOl and fonni tbe amide with tho evolution of hydn^n. The reaction proceeds 
■lowly, bsl la complete if Ih<ro b« au eiaeaa of KHi- Pure NU,Nb is cotoorlau liu 
eolourstioaildBSlo tarioaa hapunticE),tenii-tnuiipaniatiehowa tiaeea of eiyBtallt>atuin, 
has s coneboidal fraotnre, and melts at ltS°. Jadglng from the increate In weight ot 
(he aodlnm and the quantity ol hydrogen which ia disenguged, the oompoeitioa of tho 
amide It raaotly NB^a. It partiaUy TolatQIset ((ublimcs) in vacuo at BOO", and brealu 
Dp inid ttfa + Ng-'SIIiat GCK>°. The same autide is lonoed wbsn addo ol eodiam I* 
lieatedinNBt:!Ia,0'<!i]TRi=aNaH,N + H,O. NaHO la alio formed la some exieal 
by tha itaultant HgO, Fotastlum and lithium form umllar utiidH. With water, 
^^H ak«ha], ud acids, NUgNa girss HHj and NaBO, which react (artbar, Aubydroiu CaO 
^^^L ibKrbs nH,Na when healed withoat decomposing ib IVhen aodamide Is heatsd with 
^^^m VO„ NHj li dltengigsd, and aOicon nitnde lormed. It seta ftHl more rsadily npon 
^^^B totlD BDliydrlde when heat*! with it: >NH,Ka.tB,0,'ftBN + 3NsB0tH,O. When 
^^H •l!gbt]ybeRted,in)^a4-M0Cl-Nt,a+N,+B^(NHNa, and IWa, are apparently not 
I iDttted >t a higher temprratun). The halogen oigsnle oompoonds react with the aid 

r «f heal, but wUb so much eneigy that the reaction Inquenbly leads to the ultimate da- 

I flruction ot the orginlo groopa uid prodoctjon of carbon. 

L '1 Aa sodinnLdoea not di^sce hydrogen from the hjdroearhons, it may Itfmtniti 

^^^^_ b tiqnld hydrocarbon a, Nipbtha Is generally nacd lor Ihit purpose, as it contitt* ol a 
^^^^L «titnr* ol nrisDS liqaid bydrocarbcns. However, in luphlha lodinm uioally bacamn 
^^^^B Mtttd irith a Quit composed ot matter produced by the action ot the soainm as oMata 
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'both in chlorine and in oxygen, evolving much heat These properties 
are closely connected with its power of taking up oxygen, chlorine^ 
and similar elements from most of their compounds. Just as it removes 
the oxygen from the oxides of nitrogen and from carbonic anhydride, so 
also does it decompose the majority of oxides at definite temperatures. 
Here the action is essentially the same as in the decomposition of 
water. Thus, for instance, when acting on magnesium chloride the 
sodium displaces the magnesium, and when acting on aluminium chloride 
it displaces metallic aluminium. Sulphur, phosphorus, arsenic and a 
whole series of other elements, also combine with sodium.^^ 

With oxygen sodium unites in three degrees of combination, forming 
ft suboxide Na40,^^ ^^ an oxide, NajO, and a peroxide, NaO. They are 
thus termed because Na^O is a stable basic oxide (with water it forms 
a basic hydroxide), whilst Na^O and NaO do not form corresponding 
saline hydrates and salts. The suboxide is a grey inflammable substance 
which easily decomposes water, dbengaging hydrogen ; it is formed 
by the slow oxidation of sodium at the ordinary temperature. The 
peroxide Lb a greenish yellow substance, fusing at a bright red heat ; it 
is produced by burning sodium in an excess of oxygen, and it yields 
oxygen when treated with water 

Suboxide : Na^O + 3H,0 = 4NaH0 + R^*^ 
Oxide : NaaO + H,0 = 2NaH0 " 

Peroxide : NajOj -f HjO = 2NaH0 + « 

of iho BubBtancoB coDtained jn the mixture composing naphtha. In order that todiam 
may retain its lustre in naphtha, secondary octyl alcohol is added. (This alcohol is 
obtained by distilling castor oil with caustic potash.) Sodium keeps well in a mixtoro 
of pure beneene and paraffin. 

*'^ If sodium does not directly displace the hydrogen in hydrocarbons, still by indirect 
means compounds may be obtained which contain sodium and hydrocarbon groups.. 
Borne of these compounds have been produced, although not in a pure state. Thns, for 
instance, sine ethyl, Zn (CaHs)^, when treated with sodium, loses sine and forms todiiim 
oihyl, C2H5Na, but this decomposition is not complete, and the compoimd formed oannol . 
be separated by distillation from the remaining tine ethyl. In this compound the 
onergy of the sodium is clearly manifest, for it reacts with substances containing haloids, 
oxygen, &c., and directly absorbs carbonic anhydride, forming a salt of a carbozylic acid 
(propionic). 

** ^^ It is even doubtful whether the suboxide exists {see Note 47). 

*' A compound, Na^CI, which corresponds with the suboxide, {« appareiltly lormad 
when a galvanic current is pasie4 through fused common salt ; the sodium liberaisd 
dissolves in the commoh salt,. and does not separate from the oompoond either on 
cooling or on treatment with mercury. It is therefore supposed to be NajiOl; th* 
more so as the mass obtained gives- hydrogen when treated with water: NajiCl'fHfO 
• H + NaHO + NaCl, that is, it acts like suboxide of sodium. If Na^Cl really exists as a 
salt, then the correeponding base NaiO, according to the rule with other bases of tbs 
composition 'M4O, ought to be called a quaternary oxide. According to certain evidence^ 
a>^boxide is formed when thin sheets or fine drops of sodium slowly oxidise in moisi sir. 

^ Aiscording to obtervations easily made, sodium when fused in air oxidises but .doea 
toot burn,, the oombastion only commencing with the formation of Tapoar«-ttial i% whta 




sosnm 

All three oxides form Bodium hydroxide with wat«r, but only the 
oxide Na,0 ia directl; transformed into a hydrate. The other oxidea 
liberate cither hydrogen or oxygen ; they also present a similar dis- 
tiactioQ yitb reference to many other agents. Thus carbonic ukhydrida 
combines directly with the oiide Na,0, which when heated in the gu 
burns, forming sodium carbonate, whilst the peroxide yields oxygen in 
ftddition. When treated with acids, sodinin and all its oxides only 
form the salts correspoading witb sodium oxide — that is, of the formula or 
type NaX, 'Thus the oxide of sodium, Na,0, ia the only tall-forming 

BODiidqnblf h»led. D^Ty tod Kai»t«D obtained Ibe oxidaa of poUAtiufa, K^O, uid oi 
•odium, NogO.bf be&IiDg lbs (DeUIii with their h;dlDiidBa,iiliaii» N*BO + Njlc^ Na^-f B, 
bnt N. K. SFkeloR kiled to obUia oiidee by lh!t meui. He pnpued them brdirecUj 
igniting Ibe ineUlB in irs »". "^^ tUemuia buting with thg metiJ in order to deitn); 
■nr peroi^de. The oiids pradiKsiil.^a^, -niisD b^ied in u kUoMiihere ol bjdmgaB, 
pira ■ miitore of Kidiaai and ill bjdroxide.; Nk,0 -» H - NaHO * Na (mi Chipl«r Q,, 
Note 0). II both the obHrraUona msntiaoed %n Kcunte; than the raaolion i> nverailile. 
Sodium oiids oogbt to be (onii«d dnnag the dsoompaution of •odiam cubonat« by orids 
ot iron (asajlote SE|. and during Ibe dMompodtioD of lodiam nitrite. According to 
Earalon, ite specifio gravitf ii 3^ according to Bakatoff S'8. The difflcplty in obtaining 
It ifl DwiDg to aa btcan at flodiom forming the autwude, and an eioUA ol OTjgan Iha 
peroiide. The gre; colour peculiar to the luboiide and oiids pnhapa showa that thq> 
tantaio metallic icdiiuD. In addition to thii, in the [ireaenoe of water it ma; oonbaln 
•odium hydride and NaHO. 

» 01 the oiidei of ludiiun, that eaaieit to tonn i> tb« peroxide, NaO or Na^ ; this 
it obtained when eodioio ia burnt in an siceea of oxygen. If NsNOj b« melted, it giv«t 
MajO, with (DetaDic Na. In a fuiad etato the pcroiide iiteddieb yellow, bnt it beaomea 
^ametcoIonrleiBwbeaeold. When hsaled with iodine Tapoor, it loaai oiygen : Na,0|4-Ii 
— Na^IjtO. The compomid Na^OIg i> akio to the compound Cu,OCli obtained by 
(oidiBiDg CuCl. Thii reaction ii one ol the few in which iodine dinetly diiplaeaa 
(nygim. The aubsUnoa Na,01, it toluble In water, and whan acidified girei &ea iodina 
Hid a ■odium aalt- Carbonic oiidoiBabHorbod by heated eodiom paroiido with formatian 
ol KidiDm oaiboDato : nujCOi^NogOg + CO, whilit aarbonio anhydride liberatai oiygen 
fromit. With nitioDi oiide it reMte thu>^ Na,Oj + aN,0-aNaNOi + N,^ iriUi nitiio 
oxide it sombineadiiMUy, fonning aodinm nitntc. KaO t NO ^ NaMOj. Sodium peroilda, 
when treated irith ntar, dooe not giie bydrogen peroiide, bocanw the latlft in the 
presence ot the alkali romed <N»gC^-f 3B,0-2NaHO + BgO^ dooompoHi into wat>« 
ud oxygen. In the prewmoa ot dilate Bnlphario acid it lonna H,0, (MajO,* B«SO, 
n NajSO, « HgO,). PaiDiide of sodium is now pnpaied on a large Hale (by the aetion of aii 
tlpon Naal 300°) (or hleachiog wool, silli Ad. (»h*n it acta In Tirtna of the H,0, formed), 
lie oiidiiing propettica of Na,Oi DOder the action of heat are uen, for inataoce, in tba 
flHt that wban heated with I it fomu eodioni iodato ; with PbO, Na^bOj; with pyrites, 
•olphats), &c. When peroiidB of eodinm cornea into aontut witb water, it evolTea mnch 
heat, forming H,Oj, and deeompoung with the diMUgageasnt of oxygen; but. aa amis, 
theio ia no eiploaion. Bat if MajO] be plaoed in contact with otganic matter, aocti aa 
lawdnBt, cotton, lie., II givea a lioloat eiploaion whan healed, ignited, or acted on by 
■aler. Peroijde of aodiom forma an sneUeot (nidiaing agent tor the preparation of tha 
lilghor prodnot ol oildation of Mn, Cr, W, tic, and also for oiidjeiog the metsllie 
nlphidea. It ibould therefore Ibid many ipplicationa in chemiea] analyiia. To prepare 
llajOf on a Urge acale, Cutner melta Na ■□ an alominiam Teaaol, and at BOD" pauea 
flnt ait deprlred of a portion ot its oxygen (having been already once oud), and then 
^Kdjnuj dt; all onr It 
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fcran '!«rv»nin itjiIk; CO. fiul is ^m nuy rae jaife-dxcimBr 
^jtf^M^^ tanj^nftt. 0C> JTui ly.ii ant rftfrnriTP sma. ir>>! 
•ife'^vmaxu^ '.r'j'j^ tad ' ^^jkm ft wSta, 3iie if ^ae izhsb if 
y> 4>iwl 5"/^ -ift 3rtK 5irai autai » -fa ^jfJ^ 5"^-'^ ■*«^ ^i -^-» litanndk 
y/y, -irj^ jrx 5m a^«9iii mim. wad yfi^ uiLqumnfl i -v^^ <;&» 




Ik*^, ivm hju^ -v^A 'S^Tj^n. T^i grf^* s>£icn » e» 



with w.>»rr r.'.^i:*;i...... <^i*t:i*ti^i, >. -rlL he 5r€n "lia* *Jii3e 




CHAPTER Xm 

POTASSIUH, BCBIDIUU, OJ»inH, AND LITIIIUU. epEGTBDH AH&TraiS 

Jqbt as tbe series of halogens, fluorint^ bromiae and iodine corretpond 
with the ohlorioe contained in common salt, so also there exists a oor- 
respooding series of elemoots : lithium, Li = T, potassium, K = 30, 
rubidium, Rb = 85, and ctesium, Cs = 133, nhich are analogous to the 
sodium in common salt. These elements bear as great a resemblaace 
to sodium, Na = 23, as Suorine, F = 19, bromine, Br = 80, and iodine, 
1 = 127, do to chlorine, CI = 35-6. Indeed, in a free state, these 
elements, like sodium, are soft metals which rapidlj oxidise in moist 
air and decompose water at the ordinaiy temperature, forming soluble 
hydroxides having clearly-deGned basic propei'ties and the composition 
RHO, like that of caustic soda. The resemblance between these metals 
is sometimes seen with striking oleamess, especi&Uj in compounds such 
as salts.' The corresponding salts of nitric, sulphuric, carbonic, and 
nearly all oeida with these metab have many points in common. The 
metals which resemble sodium so muoh in their reactions are t«rmed 
the metaU of the alkalit. 

' Ti9tCaii'iMgaBi(afaei(ieSi]at»QlbauialogyollhiiiiiT>t>lluieti>niii(>(E,SOt3b^O« 
sad CtaSOf may be bkSD u ■ tjrplctl enrnpls of th« compuiBOn of snalegoui ai>m|ioiiiidg, 
We cite (be foDairiiig data (nmi tiMM eueltenl reBHrobdi : tho ep. gi. kt 110°/4° ol K]SO, 
M S'BOIB of Bbg80« S-flllS, sad ol Ca^O,, < S«S4. Tha cMffiaienl or oabiciJ aipuiDMi 
(tha raaui bstinen 10° tad 00") tot Uia K ult is OOES. fgr the Rb ull OOSl, f« Uia 
Ci salt O'OOEl. The liaeu mpuuioD (the mtxiinata lor the lartiCRl uia) lUoDg the uii 
of orBlilliulion 19 the euoe loc *U tbrae ealti, within tli> UmiU bT eip«riiiHBli] sirar. 
Tbt replusmoot of pQtihB«ituti bj rubidiiuD euiBaft ih9 diatdJiae b^bveea the oentna of 
tke molacolei io Iho dinctioD ol the three Biaa of cryshiUiBBtioii to iacniue oqiuUT, sad 
|«u Ihu with the leptuemBot of mbidiam bf caaimn. The index of rafnwlion foi tH 
n.ja and tor everjr iv;ttalliiie path (dirMtiou) is gnatei tor tbe ndudinm aiUb than foi 
the pDlaswDm aalt, and leu tbjui (or Uus cBBitun hII, and the diHeroiioea are neatif in 
tho ratio 9 : S. The losgtha ol the ibomhio critltlliae uei for E,SOt era in the ratio 
(rsn7 : I : O-Ttia, lor Rb,BO|, O SIW : 1 : (TTtSS, and lot C>^0(, DSTla : 1 : 0'7GU. 
Tbe derelopmoot of tho baalo and bnohj-piuacoidB gradnall; Inueaeea ia puaisg bom 
E to Rb and Cb. Tbe optical propertiea also (oUow tbo aaine order both at tbs ordinal 
tod at a higher tempeistBm. Tnttcn dnwe the geneni] condiuioii that the erygtillo. 
gratibic propertloB of tbe Isomorphic rhombic nilphataB BfiO, are a hmolioa ot tha 
atomlo weight ol the metal< contained hi (hito (IH Cbsptar ZV.) Booh raaaanbes as 
tbesa dunld do macb toiraida hastening tbe establiBbmaot of a true molecolu m 
ol tdirnca-obamleal pT 
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Among tho metals of the alkalis, the most widely distributed in 
nature, after sodium, b potassium. Like sodium, it does not appear 
either in a free state or £ts oxide or hydroxide, but in the form of salts, 
which present much in common with the salts of sodium in the manner 
of their occurrence. The compounds of potassium and sodium in tbe 
earth's crust occur as mineral compounds of silica. With silica, SiOf, 
potassium oxide, like sodium oxide, forms saline mineral substances 
resembling glass. If other oxides, such as lime, CaO, and alumina, 
AI2O3, combine with these compounds, glass is formed, a Titreous 
stony mass, distinguished by its great stability, and its very slight 
variation under the action of water. It is such complex silicious coiff- 
pounds as these which contain potash (potassium oxide), K^O, or soda 
{sodium oxide), NajO, and sometimes both together, silica, SiOj, lime^ 
GaO, alumina, AI3O3, and other oxides, that form the chief mass of 
rocks, out of which, judging by the direction of the strata, the chief 
mass of the accessible crust (envelope) of the earth is made up. Tho 
jprimary rocks, like granite, porphyry, &c.,**>*« are formed of such crystal- 
line silicious rocks as these. The oxides entering into the composition 
of these rocks do not form a homogeneous amorphous mass like glassy 
but are distributed in a series of peculiar, and in the majority of cases 
crystalline, compounds, into which the primary rocks may be divided. 
Thus a felspar (orthoclasc) in granite contains from 8 to 15 per cent, of 
potassium, whilst another variety (plagioclitee) which also occurs in 
granite contains 1*2 to 6 per cent, of potassium, and 6 to 12 per cent, 
of sodium. The mica in granite contains 3 to 10 per cent, of potassium. 
As already mentioned, and further explained in Chapter XVII., 
the friable, crumbling, and stratified formations which in our times 
cover a largo part of the earth's surface have been formed from these 
primary rocks by the action of the atmosphere and of water containing 
^rbonic acid. It is evident that in tho chemical alteration of the 
primary rocks by the action of water, tho compounds of potassium, as 
well as the compounds of sodium, must have been dissolved by the 
water (as they are soluble in water), and that therefore the compounds 
of potassium must be accumulated together with those of sodium in sea 
water. And indeed compounds of potassium are always found in aea 
water^ as we have already pointed out (Chapters I. and X.). This 
forms one of the sources from which they are extracted. After the 
evaporation of sea water, there remains a mother liquor, which contains 
potassium chloride and a large proportion of magnesium chloride. On 
cooling this solution crystals separate out which contain chlorides of 
magnesium and potassium. A double Salt of this kind, called carnaUUe^ 
1 bi* The origin of the primary rocki bM been mentioned in Chapter X., Nots % 
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KMgClj.eHjO, occurs at Stasgfurt, This carnallite* is now em- 
ployed as a material for the extraction of pctassium chloride, Knd of all 
the compouads of this element.' Beetdes whiob, potassium cblorido 
it^^elf h sometimes found at Stassfurt as tylinne.*''^' Bj a method of 

■ Cunullils bstongi to tlie nmnbcc of doable ulti whicb ue iliiectlf decompoted by 
*>lai, and it only ctysttllwi from ulatiani which codUId an ucsti o[ migosstuDi 
chloride. It may ht itropjind artiSoiidly hy miiiog itrong idutionB of potuuvni ud 
dugneaium chloridcB, when coloDileii cryitili of ap. gi. ISO upuale, whilst the Blau- 
lUTt nil ii uiDilly of a reddtsb tint, oiriag lo Inrst of iroD. At Iho ordinal; temperatore 
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m chloride oomhinea with Iodine trichlorido to lonn a. n^mpound KCI * ICl^ 
lich has a yellow colotir, la loaihle, lo«o» iodino trichloride at a red heat, 
4 potouiiun iodate and bydrocblorio acid witb waL«r- It ia not only lomied by 
nation, but alio by many other motliads ; (or iuitaoce, by puaing chlorine 
>n of potsatinm Iodide K long aa the g« leahMrbed, Kl4 sCL,^Ka,ICl,, 
ICotaaaiiun iodide, when treated with potMaiam cUorata and ■(roEg hydrochloric acid, 
■Iso givei thU componnd i uiother method tot lie lormalioD ii glian by the cqution 
KC10|-vI + 6HCl-KCI,IClj + SCl + sH,0. Thii ii a Innd ol lalt cotnnpondisg with 
KIO] (unknown) lo which tho oiygen la replaetd^ by ch]<7lne. II yalency be taken ai 
Ibe Btaxting'poinl in thfl.Btadj of oheinica] compound*, and the demanta conindered aa 
bring a coo>tant atomicity (anmbei of boudt)— that is, it K, Cl. and I be taken M 

becauu, according to thla view, uuTalsnt elemt-ala are only able to lano daal com- 
pound! with each other ; tnch M, SCI, C1I, KI, lie., whilst here they me gronped 
legelhet in Uis molMule KICI(. Welli , Wbeeler, and Penfltld (18M) oblajnrd a luge 
nvmber of >uch poly-haloid aaits. They may all be divided into two lugs claiaea! 
tlie tri-h^oid and the peuta-haloid aalla. Ihey hare been obtahied not only for K 
but aJao for Rb and Ci, and partially ain toi Na and Li. The gemial usthod ot tbeil 
(gmution eoniiita in diuolving the ordinary balogea salt of the metal in ir*t«r, ud 
(TMliog It with (he reqnuite amount oj free balogea. The poly-h&loid wilt'ttpatatea 
out attar sraporatlBg Ihs lolution at a mors or leas low temperaturs. In this mannei, 
" li-haloid ealta, any bo obtained : Kla, KBr,I, XC1]I, and the comapaodiiig 
lidlnm and ccsiiun, loi instance, Cali, CeBrl^ CaBrgl, CeClBrl CiCl,l, 
CiBift CtClBcu CaCliBr, uid in general iSXi where % la a halogeo. Tbe colnui of the 
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doable Ealine decomposition, the chloride of potasaium may be eonvertAf " 
into all the other potafisium salta,* some of which are of pracUcaJ D 
The potassium salta have, however, their greatest importaaoe as on 
iudispenuble component of the food of plants.' 

The primary rocUa contain an almost equal proportion of potasaiuia 
and sodium. But in sea, water tbe compounds of the latter metal pro- 
dominate. It may be aiked, vbat become of the compounda of potoa- 
aiam in the ttisiatogration of the primary rocka, if ao small a quantity 
went to the eea water ! They remained with the other products of the 
decompoaition of the primary rocks. When granite or any othtr 
rimilar rock formation is disintegrated, there are formed, besides tiw 
soluble aubstances, alao insoluble subatancoe^sand and Gnely-divuled 
clay, cont&ining wtit«r, alamina, and silica. This clay is carried a.'wa.f 
by the water, and is then deposited in strata. It, and eapecialljr 
its admixture with vegetable remaina, retain compounds of potassium 
in a greater quantity than those of sodium. This has been praved 
with absolute certainty to be the case, and is due to the abiorplive 
pouxr of tite toil. If a dilute golution of a pota^ium compound ba 
filtered tbnragb common moold used for growing plants, contoimng 
clay and the remains of v^etable decompoeition, this mould will be 

(njiUli wiaa ucariliiig to tbo halogsn, thiu Cat], ia bluk. CrBrg j-ollowiib ced,CiBiIt 
reddiab bmrn. CU)t,I red. CaCl|Bt svYivm. The cicatiiiD ulta u« tlu moat atefalg, nd 
thoaii ol patuunm leul ao. aj ilao Oaae whicb cootua Bt uid I upuMelf ot kigatliar { 
let aBcam DD conipoiiDds oODtaiuIog CI and Inen obluoed. ThapuiU-ludoIdMlltlcnB 
I, muUiii oUatjuoong lhi« Mlta potuaiom lotnu KCliI, tnbidiiuit BbCl^ (wndm 
Cal« CaBr, CaCUI. Uthium LiC1«l {with *&fi) ud aodiam NtCl,! Iwith 1B,0). lb* 
BualitjLUBan tfaoM MlUconUiorngtbemetal with Uia gndoil iknoia wvghl — iXMhuB 
U- Ouptm XI, Nola St). 

* U if pOMiUo to utiMt Uio eompanndi ol potuainm diiccU; iTDm Iba proauy 
looka wbicl) *n w widely dlatnbaled orei the euUi'a anitift imd ao Kbiwdut in aona 
loeaJilie*. From ■ <tumi«] poinl ot new thu preblom preaenla do diKctUi]' ; tot iu- 
vtftDCO. bjr tuaing powdored oithoclf^e with lima u;d fluor Kpar fWord'a DicOiod] aod 
Ihao oilnctuig Lhe aJkali *ith wkIiu (on futiot) Iha lilica giTsa ui iniolabla nta- 
ponad wiUi Ilme|, or bj LieBting tha oilhoclasc wilh hjdtoBnoTic mid (in which cm* 
vUcon flnorida la aTolvad u % gu| it <■ poaaiblD to tmuler the alkali ot Uia nrttinrilaw 
h) «a a^oeou lolDtUjb, aod to tcpumta it in thia mannar from tba othoi iovalobla "rHtt 
Howvm, u lat than it no pnGt In, nar CMsuil; lor. isooono to t^ tnatOMBt, M 
oinuUiM aad polaah (ona tboDdanl toMuiala lor Iba eitiMtiua ol polMaiom eoopcODih 
br chtttpot maUioda. CStTthsniiora, tha aalti ol pataaainni aia nov in Iha n»tori^ el 
ahtmif*! teaetioua nplidad bjr ulla ol K>aium. eapeciall; aioM tbo rrejwatiim el fodiaa 
euboBtta bu beea ladUtalcd b; tha LebUno pnicaaa. The rapluainanl ol poUBtOB 
•MnpoDIldt bjr aodinia coiopoiiiidt Dol oidj hu tha adrantaga IhU tha lalla ol aodiaa 
va In (anenl ohaapFi than thoae ol paluatum, bgl alio tiiai a amallai qtUDtitfof a 
Bodiam aalt ia twndcd lor a ginn raactlon Lbao ol a potaatiuiD aalc bouDH the aoiibiB- 
lug woight ol aodiosi (IS) ia teu than thai of poluiiam (IB) 

' Ilbaabm alinwn bj duw^l aiparioicot on the caltiialioa ol planta in artiScM 
aoUa and in aolatioiu that uodar conditigna (phyaioal, dienueal. and idiruologiuU olbai- 
iHaa iilanlicol plaatt an ablo to thriTS and baoomc lull; dsvelopod in tha aolir* •basoM 
ot aodimxi a^ta, bht thai Lhair dvvelopmaAt ia Lmpo^ibla wlthoot potaaaiim aaJtt 
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found to littve retained R aomewhut conaiderablB pereentago of the 
potassium compounda. H a salt of potassium be taken, then during 
the filtration oo equivalent quantity of e. salt of calcinm — which is also 
found, as B role, in soils— is set free. Such a proceaB of filtration 
through finely divided earthy substances proceeds in nature, and the 
compounds of potasKinni are everywhere retained by tho friable earth 
in considerable quantity. This eiploina the presence of so small an 
Amount of potassium salts in the water of rivers, laVos, streams, and 
oceans, where the lime and soda have accuoiulalfld. Thecompoundsof 
potassium retained by the friable mass of the earth are absorbed as an 
Aqueous solution by the roots of planli. Plants, aa everyone knows, 
■when burnt leave an aah, and this ash, besides various other subatnncea, 
without exception contains compounds of potassium, Many land 
plants contain a very small amount of sodium compounds,^ whilst 
potas^um and its compounds occur in all kinds of vegetable ash. 
Among the generally cultivated plants, gross, potatoes, the turnip, 
and buckwheat are particularly rich in potassium compounds. The 
ash of plants, and especially of herbaceous plants, buckwheat straw, 
BunSower and potato leaves are used in practice for the extraction of 
potassium compounds. There is no doubt that potaMiam occurs in tha 
plants themselves in the form of complex compounds, and often as salts 
of organic acids. In certain cases such salts of potassium are even 
extracted from the juice of pUnta. Thus, sorrel and oialis.forexampley 
contain in their juices the acid oxalateof potassium, OgHKO,, which ia 
employed for removing ink stains. Grope juice contains the so-called 
cream of tartar, which is the acid Urtrate of potassium, C,H,KO,.' 

>b*arb«d bjr the ^luita. 

nliicb U tree bom tlw uUb qI tbe toot 
Dd ol tlia tone uld oxidei, CO], Ufi^ 
tfii. uid 80^ uid H ihc amoDDt ot iih-Joiaiuig BBbiUiicei in pivita ia imaU, tba 
qucelion isoviUUy uiaea tx to nhat put Ihaia p\iy ia tbs dsialoiimeDt of plonta. 
With Xhe eiialiag chemicaJ data onlj Due auiwet ia pcaaiblo (0 tbii queation, and H it 
Ml oalj s hTpotbeaig, Thi> aniirer wu pairtlcukrlf clearly eipreaud b; Protnaoi 
CoalaTaoD at the Fetrollikj AgrioaltunJ Acadsm;. Staitisg bom the fact (duplei 
"SJ., Hote W) that a tmall qoutil; cl alamiDiuui nudan potaible 01 tacUitatei th« 
reMtioa of limine on hjdiocuboD* at Ibo ordloarj temperatDre, It la ««; to aniv* rt 
Vm conalDtfsn, whicli ia tbcj probable uid in accocdaDce with muay data nepootiug th* 
Veacticma dF organio compoundi, Uiat tha addition at mmaral aabAtuioeB to DTgwtJo com- 
|wund> loneii the tempetatur* of teaction and b goncial tHJUtulu alieDUC4l reactioni 
tn planla, aod Ibue aids the convenian of the most almpli] Donriehine anbttaneea into tha 
Complai cDDipODcot puteol the pluit otguiiioi. The pronnco ol chemical 'nactloaV 
fitoceedlng in (iigaulo sabstaDcca in the presence of a imall quanlit; oI mioenl aiihstaDcqf 
hu M ;eD b«eD bat UCU» uvee^gJiled, although there ata tlnadj geTca«l diaooooectaa 
4»ea MoeerDlog reactions ot thia kind, and allbongh a great deal It known with ngaid 
lo-imh tatslioiu anons Inorganic eonipouitdB. Xhe elaenee at tb« nultei maj be u* 
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Tbis Mlt also separatos aa a aedimatt £rom viae. Wliai the pfaote^ 
eootainixkg one or more of the aaha of potaanm, aie bvmt^ Um 
cerbooaceoaa ooatter ia oaridiaed, and in eansequence tiie potaaBsm is 
obtained in the aah aa carbonate, KfOO„ w\ach is geDomDj knofvii 
aa poUuhe$. Hence potaabea occur readj prqiared i^ the aah of 
frianta, and therefore the adi of land planta is empkyed aa a aonroe 
for the extraction of potaanam compoondk Potaasiizm caibooaie is 
extracted bj lixiviating the ash with water.* Potaaaiiim earboiiale 



priiH^il tha»— two sobcUacMy A And B, do not nuA on eftch olber of thftir 

Urt Um tAdiiUm rA A vnuU qoaaiity of ft third partiwiUrly Active ffnhitinn^, C, 

fbo nMCiion of A on B, becmoM A oombicM with C, focming AC, and B mocti on th» asv 

conpoond, which hM a dillerent rtoco of cbOTnio l eaergj, kxBUB^4im wnpoe a d AB cr 

iU prfjdoeU, Aod Mttiog C fr«o AgAin or retAining it 

It m*7 here b« remArked thAt a11 the miaeial tohctAiieeA nacfiry lor pUate (tkote 
•oom«rAt«d at th« begiBnisg of the note) An the highest •Aline comp o owlA of tMr 
olementA, that they ester into the plAnt« aa AAlta, thAt the lover facniAOf aridAti on of ttn 
Mine elementt (tor in^tAnce, tolphitee And phofphitee) an hArmfol to plABte (riiaiiini)^ 
and that strong »olationii of the SAlts AAaimiUted by plente (their oemotift preoane beo^ 
gMAt And contracting the ceDe, aa De Vries showed, (see ChApter L, Note 19) not oaly 
do not enter into the pUote bat kill them (poison them) 

Besides wbich^ it will be onderstood from the preoedmg pACAgrAph.thAt the mUa of 
potAssiam mAj become exhAosted from the soil by long enltiTAtian, end that there aaff 
therefore be case* when the direct fertilisetion by SAlte of potaasimn nuAy be proeiahlft. 
Bat man are and animal excremenVi, ashes, and, in general, nearly all refase whidi niaj 
serve. for fertilising the soil, contain a considerable quantity of potassiam salts, 
therefore, as regards the natural salts of potassiam (Stassfart), and especially 
•olphate, if the; often improve the crops, it is in all probability dae to their 
on the propertie<i of the soiL The agricnltarist cannot therefore be adrtsed to add 
potassiam salt*, without making upecial experiments showing the adTantage of snch a 
fertiliser on a given kind of soil and plant. 

The animal body also contains potassium compoands, waich is natural, since ^wtm^l« 
consume plantn. For example, milk, and especially homan milk, contains a somewhat ooi»- 
siderahle quantity of potassium compounds. Cow's milk, however, does not ^^^wtA^ n modi 
potaHHium :>alt. BrxJium com[joandH generally predominate in the bodies of *^"im alt. The 
exr:remf-nt of animaU, and especially of herbivorous animals, on the contrary, often con* 
tains a Urge proportion of potassium salts. Thus sheep's dung is rich in them, and in 
waHhing H>ieep's wool salts of potassium pass into the water. 

Tho a^h of tree nteras, as the already dormant portion of the plant (Chapter V iif-, 

hoU' 1), rontuioH little potash. For the extraction of potash, which was formerly carried 

on f:xU.7ii.iy4:iy in tU': €a.->t of Kuiisia (before the discovery of the Stassfurt salt), the aah 

of gra-.j^- >, an'I tli«- jT-i<:n [portions of poi&U)Cs, buckwheat, drc, are taken and treated 

with v,aUt ni<iv.Ht»;'l;, tho ho]\iiiou is evaporated, and the residue ignited in order to 

(Ifhtroy th«: ()Ti'.KiuL matt* r presvont in the extract. The residue thus obtained is com* 

IK>H0<1 of raw [K;ta>,h. It in re6ned by a second dissolution in a small quantity of water, 

for the p (tanh ilh' If i* very soluble in water, whilst the impurities are sparingly soluble. 

Th»3 solution thu-. obtaine*! is ujrain evaix^rated, and the residue ignited, and this 

jK^ajh is thf-n cull<-«l refined i^ota^h, or pearLa»h. This method of treatment cannol 

giv<: dii;rnically pure i;<.tai-.ium cArbonnte. A certain amount of impurities remain. 

To obtain •;)i<rrnic.illy )'m«; (x^tasniiun carlx»nate, some other salt of potassium is gene> 

rally tik'ii aril p:jiifi.;«l by cryiUillisution. Potassium carbonate crystallises with diffi* 

cully, ati(i it 'ann"t t'lM-rcfon,' be purified by this means, whilst other salts, such aa the 

tartrat*', a> I'l rarhonato, hulplititi', or nitrate, drc, crystallise easily and may thus be 

directly purified. The tartrate is most frequently employed, since it is prepared in largn 




qnruilLtin (ah & BedimflDt from wine) for medlciiul ot 
Whan ignitfld withool tocees of ur, i» Imus ■ miitoie of ehan 
Oubonila. The cluuvofal to obt&iDcd being in a finelj-diTldQd c* 
(etUsd ' blitck fiui '), is K)m«tiin«B nied lor tsdacing melala Irci 
•id of bent, A MrtftTn guMilil; of nitn is ndded Co bum 
beatiitg Iho creun of Urter. PcttniDio nrbonxla tbo< 

ig»latlon. KHCOi 

Id from th« (olnli 
loio tabjdride, a: 

n earbonatfl disCinguiftb it eufllcii 
CLrbonate; it is obtainod fiom Klutlons u ■ piK>Jan">t>'''< biub, 
taitfl and nactiOJa, and, as a nil^, ehowa odI; trac«B ol orffttalLtatitr 
tbe moiilnra of Iha ait with great margj. Tlio ojitujs do not 

10 air, deb'^netoing into • <atDrat«d lelutioB. It miUi at a r«d Imi 

(1010°). add at a Btill highor tanperatnie ia even coDTeried iot^ vapcnr, a« bai been 

obHTred at glau worka when it i« employed. It la rer; tolahlB. At the ordiut? 

~ T dinHlTM an equal wsght of the ulL Cijitali canlainiag two 

«qDiTatMti of water u)]azata from vooh a Batnralod tolatioQ when atroogl^ cooled [Morel 

obtaiaed KJDOflSfi in wBU-temied Djatal* at + 10°). There ie no DMSHtily to da- 

iDi, becana* they an all aoalogniu to those of eodiom carbonate. When 

JEQfaetorad Kodinm oarboaate was bnt little known, the oanamaption of potaasiliiu 

'bonate was verr cooiiderablo, and erea no* naahing aoda ia freqaerrtly replaced 

hoaaehold pDcpoiee hf ' lej '— i.e. an aquootu Hlolion obtained from whaa. 

EDDtuns pabmiain caibonale, wbloh acli like the todigjo aalt in waabing tiuoaa, 

of po^aafiua and aodium carbonatei fuafia with moeh greater aatc than tba 
■alta, and a miiture ol Ihaii folutlona giTea iiBl1.orrBtallii»d aalla- ' 
(Matgoalte'fl Bait), KsC05,6HiO,aNa,COi,BHjO. Crjatalliaalioo alio oecuta io other 
DDtUplo propoitioni of E and Na (in Uio above due 1 : 9, bat 1 : 1 and 1 : S are known), 
and alwajB with 6 mol. HgO. Tfaii i> BTidenllj acombination by timilarily, u ia allof*, 
niations, tie. 

SS/WO too* of petMb annunllj ar« now prepared from KCl bj Ihia raelhoJ 
*t BluMfart. 

' P0raffiUrt^tuf!iAa/a,KjSO,,CTyBtalliBeBfrDm ita BolaUona in an anbjdretia ooodU 
tlon, in which reepect it diflert from the corraaponding Bodium salt, job' 

' inale. Is general, it matt beobaerred that thamajority 
Ol lodinm laltB comhiue mure eaiilj with water of csrjilalliaation than the 
aalta. Tbeaolubiljtjof pofoumnnfjiAcfa doeg not ahow tha aame peeoliari 
of Bodium aolpbato, becaDae it doee not sombine with water of iryitiklliMtion 1 al u» 
ordlnuT tempeistnre lOO parte of wal«r dittolvo aboat 10 pnrlB of the aalt, at 0° 89 
parte, and at 100° aboat m parts. Tlit aeii tulphatc, KH30,, obtained eaiilT by 
beating crystala ol the normal ealt with lalphario add, is frequently employed in 
ehemicB] praetice. On bsating the miitnre of acid and lalt. fumes of aolphorio acid u« 
ktHnlgiTonoS; when theyceaae tobeeroliediUieacidiall iseootolaed in the celidns. 
Al * bigber tsmperatare (of abort eOO°] the add lalt parU with all the acid contained in 
II, the normal salt being is.torroed. The daflnilo wnnpoaiUoo lA Ihia e*id aa't. and Ux 
«aw ¥rith whiob It decompoaea, render it eiceedingly vahuUe for certain chemical tf»n» 
fcnuHau aooompliriiad by meaoi of aulphotio acid at a high lamperatnre, beoauM it I* 
~ ~ (g tak(k in Uie tonn of thit aolt, a alilclly defloHe qotolitf of aalpbnrlD a^ 
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bromide, and iodide ^^— by the action of the corresponding acid on KCf 
and especially on the carboniate, whilst the hydroxide, caustic poUuh^ 
EHO, which is in many respects analogous to caustic soda, is easily ob- 

And fcooAUse it to act on a given substance at a high temperature, which it is often 
neoesaary to do, more especially in chemical analysis. In this case, the acid aalt aeia 
in exactly the same manner as solphuric acid its^, bat the latter is inefioient at 
temperatures above 400", because it idl evaporates, while at that temperature the aoi^ 
salt still remains in a (used state, and acts with the elements of sulphorio acid on the 
■ubstance taken. Heboe by its means the boiling-point of sulphorio aoid it ralsadi 
Thus the acid potassium sulphate is employed, where for conversion of certain ozideti 
■ooh as those of iron, aluminium, and chromium, into salts, a high temperature \m 
required. 

Weber, by heating potassium sulphate with an excess of sulphuric aoid at 100^, 
observed the formation of a lower stratum, which was found to contain a definite com* 
pound containing eight equivpJents of 80$ per equivalent of K9O. The salts of 
rubidium, cusium, and thallium give a similar result, but those of sodium and lithiam 
do not. (See Note 1.) 

1^ The bromide and iodide of potassium are used, like the corresponding aodimii 
oompounds, in medicine and photography. Potassium; iodide is easily obtained in a pure 
state by laturating a solution of hydriodic acid with caustic potash. In pcaotioe, how- 
•ver, Uiis method is rarely had recourse to, other more simple processes being em- 
ployed although they do not give so pure a product. They aim at the direct formation 
of hydriodic acid in the liquid in the presence of potassium hydroxide or carbonate. 
Thus iodine is thrown into a solution of pure potash, and hydrogen sulphide passed 
through the mixture, the iodine being thus converted into hydriodic acid. Or a soluiioi^ 
is prepared from phoisphonis, iodine, and water, containing hydriodic and phosphoric aoid; 
lime is then added to this solution, when calcium iodide is obtained in solution, and 
calcium phosphate as a precipitate. The solution of calcium iodide gives, with potassium 
carbonate, insoluble calcium carbonate and a solution of potassium iodide. If iodins ia 
added to a slightly-heated solution of caustic potash (free from carbonate — that is, freshly 
prepared), so long as the solution is not coloured from the presence of an excess off 
iodine, there is formed (as in the action- of chlorine on a solution of caustic potash) a 
mixture of potassium iodide and iodate. On evaporating the solution thus obtained and 
igniting the residue, the iodate is destroyed and converted into iodide, the oxygen being 
disengaged, and potassium iodide only is left behind. On dissolving the residue in watet 
and then evaporating, cubical crystals of- the anhydrous salt are obtained, which are 
soluble in water and alcohol, and on fusion give an alkaline reaction, owing to the fact thai 
when ignited a portion of the salt decomposes, forming potassium oxide. The neutral 
salt may be obtained by adding hydriodic acid to this alkaline salt until it gives an 
acid reaction. It is best to add some finely-divided charcoal to the mixture of iodate 
and iodide before igniting it, as this facilitates the evolution of the oxygen from the igdala. 
The iodate may also be converted into iodide by the action of certain Veducing agents, 
such as sine amalgam, which when boiled with a solution containing an iodate oonveita 
it into iodide. Potassium iodide may also be prepared by mixing a solution of ferrons 
iodide (it is best if the solution contain an excess of iodide) and potassium carbonate, in 
which case ferrous carbonate FeCOj, is precipitated (with an excess of iodine the pre- 
cipitate is granular, and contains a compound of the suboxide and oxide of iron), while 
potassium iodide remains in solution. Ferrous iodide, Fel^, is obtained by the direct 
action of iodine on iron in water. Potassium iodide considerably lowers the temperature 
(by 2i% when it dissolves ih. water, 100 parts of the salt dissolve in 78*5 parts of water at 
l8'6^ in 70 parts at 18", whilst the saturated solution which boils at 120° contains 100 
parts of salt per 46 parts of water. Solutions of potassium iodide dissolve a considerable 
amount of iodine ; strong solutions even dissolving as much or more iodine than ther 
oontain as potassium iodide {act Note 8 bis'and Chapter XL, Note 64). 
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tabled hy means of lime in exoctlf the same manner in nhich sodium 
hydroxide is prepared from sodium carbonate." Therefore, ia order to 
complete our hoowledge of tbe alkali metala, we will only describf two 
salts of potaBsium which are of practical importance, and whoso 
analogues have not been described in tbe preceding chapter, potassium 
cynnide and potassium nitrate. 

Poltuiium cyanide, which presents in its chemical relationsa certain 
analogy with the halogen salts of potaGsium, is not only formed accord- 
ing to the equation, KHO + HCN = H^O + KCN, but also when- 
over a nitrogenous carbon compound^for instance, animal matter — is 
heatnd in the preaence of metallic potassium, or of a compound of 
potasainm, and even when a mixture of potash and carbon ia heated in 
n stream of nitrogen. Potftsstum cyanide is obtained from yellow 
prussiate, which has been already mentioned in Chapter IX., and 
whose preparation on a large scale will be described in Chapter XXII. 
Tf the yellow pnissiate bo ground to tt powder and dried, so that tt loses 
its water of crystallisation, it thsn melts at a red heat, and docompcsos 
into carbide of iron, nitrogen, and potassium cyanide, FcKiCgNj 
= 4KCN + FeC, + N,. After tbe decoinposition it is found that the 
yellow salt has been converted into a white mass of potassium cyanide. 
The carbide of iron formed collects at the bottom of tbe vessel. If 
the mass thus obtained be treated with water, the potassium cyanide 
is partially decomposed by the water, but if it be treated with alcohol, 
then the cyanide is dissolved, and on cooling separatee in a crystalline 
form." A solution of potassium cyanide has a powerfully alkaline 

^^ C&ulio poloAh Ifl not only foTTDed by Ui« actioD of lune cji dilotfl aolatEons of 
poUBiinDi cubDiuM (u sodium hjdnniJe is pnpued Irom todinca cBiboiute|, bnt 
bj igniting poUwDiD nitntewith 6ulf-di Tided co[>pe'' ''" "o^ 15). ud &I<a by mixing 
■olatioiu of patuiiDm anlpbile (or mro of klnm, KA13gO|) ud buiDm bjdnnid*, 
BaE,0]. It it MiMtimHpiuifisdbjdiiBotTitigilintlcoho] (lheimpniitle>,forsiuaple, 
pbtiusiiiuD Butph&te ud «uboii»te, ue nol dioolTed) uid then cripsnliag the itoshoL 

Tbe ipecific gnvit; of patuaiun hfdroiida is S'M. bat Uut ol its talntioD* (n* 
ChapitT xn., Nola IB) at IS' S-^S,M3+B0-lp 4- O^Sp* (banp' ia -r, and lor Kidiitni 
tijdtoiideitia-). Strong tolutiona, «b£a cooM, field ■•crritkllo-brduts, EHO,tSiO, 
whiob diaulves in ml<r, producing 6oJd (like aNaHO.IHfO), vhilit polu^inm hjdioxjda 
In lolntian derelopt ■ ooaiidinble amoiuit of heat. 

" Wtum Uu, jei]aw pnimiMa li bwted to radnen, all tha ojranogai which wu In 
eonbiiAtioo with the iron ia dMompoeed into Uitrageu, nhich ii molted u g*>, and 
caiboo, which oomhinea witii tbe Iron. In oria to avoid this, potnuiuia carbanala ia 
addod to the yellow praiiiatewhileil fa b«ing fated. AmiiturcoFS pule of anhrdraita 
fallow pniiaiale end S parta ol pore poUadBm oaihooatf ii generallf taken. Double 
daoompoiition thun takei place, teinlting in (be lorouitiDn ol tctroua carbonate and 
cyanide. But bytlii* method, aa by the fint. a pore salt ia not obtaioedi 
poiticn ol the potadaiim cyanide is oiidiKd at the eipenae of the iron 
MtbcBsIa ud forms potaaaiiun cyanate, FeCO,TKCN=>ca,+ Fe + KCN0; cod the 
polaaaiiun eyanida rmj aaaDy luma ciide, which acta on the aldei of the i-enel in 
'blob the isiilace is heated (to a*oid. thia iron veaaela ihoold be oaed), Bf sddipj 
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Gold and Eilver are solable lo potaujum cyanide in the presence ol 
»ir, in which case the hydrogen, which would oiherwise be evolved in 
the reaction, combineB with the onjgen of the air, forming wat«r (Eissler, 
MacUurin, 1893), foreiample, iAn + 4KCN f + H,0 = SAuKO,N, 
•I- 2CH0, which ia taken advantage of for extracting gold from ita 
ores (Chapl«r XXIV.).'* bii PUtinum, mercnr;, and tin are not diE- 
■olved in a solution of potassiuin cyanide, eved with aoceaa of air. 

Polaesium nitraU, or common nitre or mtltpelre, KNOu ia chiefly 
used aa a component part of gunpowder, in which it cannot be replaced 
by the sodium aalt, because the latter is deliquescent. It ii necessary 
that the nitre in gunpowder shotild be perfectly pure, sa even small 
traces of aodiom, magnesium, and calcium salu, etpeciftlly chlorides, 
render the nitre and the gunpowder capable of attracting moisture 
Nitre may easily be obtained pure, owing to its great disposition to 
foEffl crystals boCb large and small, which aids ita separation from other 
salts. The considerable differences between the solubility of nitre at 
cUfferenl temperatures aids this crystallisation. A solution of nitre 
saturated at its boiling point (1 16°) contains 335 parts of nitre to 100 
parts of water, whilst at the ordinary temperature— for instance, 20° — 
the solution is only able to retain 32 parts of the salt. Therefore, in 
the preparation and refining of nitre, its solution, saturated at the 
boiling point is cooled, and nearly all the nitre is obtained in the form 
of crystals. If the solution be quietly and slowly cooled in large 
quantities then large crystals are formed, but if it be rapidly cooled and 
agitated then small crystals are obtained. In this manner, if not all, 
at all events the majority, of the impurities present in small quantities 
remain in the mother Uquor. If an unsaturated solation of nitre be 
rapidly cooled, so as to prevent the fomiation of large crystals (in whose 
crevices the mother liquor, together with the iinpuritieB, would remain), 
the very minute crystals of nitre known as saltpetre flour are obtained. 

Common nitre occurs in nature, but only in small quantities in 
admixture with other nitrates, and especially with sodium, magnesium, 
and calciom nitrates. Such a mixture of salts of nitric acid ia formed 
in nature iii fertile earth, and in those localities where, as in the noil, 
nitrogenous organic remmns are decomposed in the presence ot olbalia 
or alkaJino bases with free acceasof air. This method ot the formation 
of nitrates require* moisture, besides the free access of air, and takes 
place principally during warm weather.'* In warm countries, and in 

i> ei> A dilulB Kilolkm ot KCN <i Itkea, not mnUiakg mora thu 1 p*r c«tit. KCN. 
K *flL*nriQ txpluni this bf the Tact that itrcmg Botntioai diiulve ^Id leia npidl^, owing 
to Ibeit diBKilTiDg leas iiir. ^hma oiygeD ii n«e»U7 tothe nulioa. 

" Bnidu which 8chloeHiDg ud MUnti, hj amplojisg limilu mathodi to Putwu, 
(liowad Uut 0» IdnBklioB ol uitr* Id (he 4Mompo«illaD of nltnEBO- 
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npeatod crystal IlEbtion. The greater part of tlie nitre used for 
making gunpowder is now obtained from the sodium salt Chili ealt- 
ptCre or c^ibic nitre, which occura in nature, as already mentioned. 
The conversion of this salt into common nitre ie also carried on hj 
means of a double decora position. This is done either by adding 
potassium carbonate (when, on mixing the strong and hot solutions, 
sodium carbonate is directly obtained as a precipitate), or, as is now 
most frequent, potassium chloride. When a mixture ot strong solu- 
tions of potassium chloride and sodium nitrate b evaporated, sodium 
-chloride first separates, because this salt, vhich is formed by the 
double decoraposition KCl + NoNO, = KNO, + NaCl, is almost 
equally soluble in hot and cold woter ; on cooling, therefore, a large 
amount of potassium nitrate separates from the saturated solution, 
while the sodium chloride remains dissolved. The nitre ia ultimately 
purified by recrystallisation and by washing with a saturated solu- 
tion of nitre, which cannot dissolve a further quantity of nitre but only 
the impurities. 

Nitre is a colourless salt having a peculiar cool taste. Tt crystal- 
lises easily in long striated six-sided rhombic prisms terminating in 
rhombic pyramids. Its crystals (sp. gr. 1'93) do not contain water, but 
their cavities generally contain a certain quantity of the solution from 
which they have crystaHisod. For this reason in refining nitre, the 
production of large crystals is prevented, mllpelrtjtour being jtrepared. 
At a low red heat (339") nitre melts to a colourless liquid."*'' 
Potassium nitrate at the ordinary temperature, and in a solid form is 
inactive and stable, but at a high teniperalure it acts as a powerful 
oxidising Fi^«?)f, giving up aconsiderable amount of oxygen to substances 

14 bu Belora f luing, tb« OTTilaJi ol poluaiiun oltnte cluDga tlielrtoim, ud tolro tha 
■ame Conn u ■odiom nitntfl — that if, Uiaj chiuigq into rUombohedra. Nitre crjBt«1* 
tlm from hot ulutiani, imd la ganoral abder tbg Eufliiaiice ol & riu of tempeTalorfl, [a ft 
dIBercait lolm [rom ttulgirenal the ordinu; or lower teinpontureB. Fuud ntlre lolidl- 
fles to b radiated crystalline muB^ bat It doefl not exhibit thia Btraotare [I metallla 
ohlorides bo preMnt, bo that lliiB method maij.ba laiea adiuilags of to detOTffllne the 
diS"e of poritj ol nitre. 

Camellar and ThonuOQ (1888) determbed the tuaing pdnt of mutDiea ol potuilam 
and Bodiam nitrateB. T!ia fint talt tii>i» at tlS9° and the Becond tt S10°. anil H pit 
Iha percenUge atnount of potoBBiiun nitrate, thm tia TeBolta ohiatnetl wck — 



381° 



S19° 3X1- 



131" 



SSC 



I 



whlob coofinni Sbafl'eotMb'g obwrvalion (IBtT) that the lownt tDslng pom) [aboaC Sn") 
li given bj miiiug niolBcaIaiqiiaa(iti«a(p>51'8) ot the eilts— that ii, in the tonoatioD 
ot the alio}-, KN0„Hi>NOr 

iiuvhat (imilu rcBiiII waa dieoovered bj the same obienerB tor the Bolnbilit]' ol 

niitum of these nlti al 30° in 100 parti of vsl«r. Tlius. if ji be the weight ol potiu- 

nltrals mixed with 100-p parte by weight ot sodium nitrate tiUcenfor eolation. 
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AtOKB. Its application in gunpotcder im based on thia property ; gan- 
powder con^atB of a mechauicalmixtureof finely-ground sulphur, nitre. 
and charcoal. The relative proportion of these substances varies accord- 
ing to the destination of the powder and to the kind of t^harcoal employed 
{a friable, inconpletety-bumt charcoal, containing therefore hydrogen 
and oxygen, is employed). Gases are formed in its combustion, chiefly 
nitrogen and carbonic anhydride, which create a considerable pressure 
if tieir escape bo in any woy impeded. This action of gunpowder 
maybe expressed bylhe equation r 2KNOj + 30 + 8 = K,S + 3CO, + N,. 
It is found by this equation that gunpowder ahoold contain thirty- 
eix parts of charcoal (13'3 p.c.), and thirty-two [wrts (11-9 p.c.) of sul- 
phur, to £03 parts (Tl'6 p.c.) of nitre, which is very near (<■ its actual 
composition.'* 

■• In Chiu, where Ibe nuuiujutuie ol gnnpowder hi> long been euiiad on, 7E-7 puU 
of nitn, I4't of ohinw«l, «iid 9*0 of mlphar ue and. Ordinary powder for eportiDg 
pnrpaemuntuzuBOixuli of nitre, 19 ol chareoel. nod B ol enlphor, whiitt the guDpoBdrt 
a«ed in faedTT ordnuoe contniiii 711 of nitre, IE ol ehucoul, ud 10 ol lulphor Qug. 
powder eiplodei when healed to 800°, when strucli. or hy eontut with a Bpork. A 
CBinpKt or finolf.diTlded mua of enapowder bomi elDwIy uid hu bat little dinruptire 
action, beciiUia it borea gndunlly. To act property the gnopowder muit hive a dsfinits 
nie of GorqIjuBlion, bo that the preeeiire ehonld iacreaie during the piiaagd of the 
(COlectile along the barrel ot tlie flre-arm. Thii ii done hy makiog the powder in iuga 
graiinlx or in the shape ot til-ilded priuna with hcjei throngb them (priunaliD 
powder). 

The prodoctB of combuition are of two kinds ' (1) gii«t wliieh produce the preiiDrs 
aad are the cauae of the dynamical aotion of gunpowder, and (SJ a eolid reaidue, 
DinaUy of (black eoloor owing to ita containing onbamt partidsi ol charcoal. Betidea 
cbarooal, the reridne generally coutaina potasiinm Bolphide, KjS. and a whole Hriei of 
other salt*— for initance, carbonate and aolphats. It ia apparent from this that the 
eomboation of gunpowder lanot ao aUnple aa il appaara to be from the above formnla, and 
IwDoe the weight of the reaidoeiAalao greater than indieated by that fonnijla. Aceording 
lo the Commla, STD parte of gunpowder give 110 pattH of reaidne — that ia, 100 parte of 
powder gixe Kl't parte ol reiiduo, R^, whilat id reality the weight ol the reaidne laiiea 
bom to p.c, to TO p.o. (generally 03 p,e.), Thia diiferenCe depends on the bet that ao 
moch oiygen (of the nitre} remains m the teaidne, and it ia erident that il the realdoa 
lived by the powder will taiy alu. and therefore 



as »>U be differs 
reaidne ( 



. Thei 
I of Oay.Lns: 



lishkoil 



MO, Nobel and Abel, FederoS, Debns, &e., show, on the conditions 
oombnation of the powder proceeda. When gunpowder burns in an open epoce, Ihe 
gaieona products which are formed do not remain in contact with the residue, and then 
a coniriderable porlign ot the chueoal entering into the compoiition of the powder 
temaina onbumt, baoanae the charcoal bums after the anlphor at the eipense of tha 
oxygen ol the nitre. In tbii extreme ease the catmnencement of the combuetioo of iht 
gnnpowJet may be eipreaaed by the oqualion, 9KN0itaC + 8 = 8C + KaBO4+C0, + »,. 
The reeidue in a blank aarlddge olUa coniiata ol a miiture ol C. K,SO„ KiCOi, and 
K|B,0|. If the combuBlion of the gnnpowder be impeded— il it take place in a cartridge 
In ihe barret' ol a gun — the quantity of polaesium snlphate will tint be diminished, than 
Ihe amount ol aulphita, whilst the amouol ol carbonic aDhydride in the gaiea and the 
of potauium sulphide in tbe rMidue will iiicraaie. The quantity ot (dianoal 
Milerlng iato Ihe action irill then be alio Increased, and hence Ihe amount ia the reddna 
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Metallic poUuitum was obtained like sodiam ; first by the action of 
a galyanio carrent^ then by redaction of the hydroxide by means of 
netallio iron, and lastly, by the action of charcoal on the carbonate at 
a high temperature. The behavioar of metallic potassium differs, how- 
erer, from that of sodiam, because it easily combines with oarbonio 
oxide, forming an explosive and inflammable mass.*^ 

Potassium is quite as Yolatile as sodium, if not more sa At the 
ordinary temperature potassium is even softer than sodium ; its freshly- 
cut surfaces present a whiter colour than sodium, but, like the latter, 
and with even greater ease, it oxidises in moirt air. It is brittle at low 
temperatures, but is quite soft at 25^ and melts at 56^ At a low red 
heat (667^ Perkin) it distils without change, forming a green vapour, 
whoso density,*^ according to A. Scott (1887), is equal to 19 (if that of 

wQl docrcftM. Under these oircnmsUnoet the weight o! the residue wiU be leW'— fov 
example, 4KaCOs -i- 48 » K^SOf + 8K38 + 4C0a. Besidee which, carbonio oxide luw beea 
fonnd in the gases, and potaaaium bisulphide, K98}, in the reaidue of gunpowder. Tbe 
amount of potCMum sulphide, K^S, increases with the completeness of the combaatioii« 
and is formed in the residue at the expense of the potaasium sulphite. In recent times 
the knowledge of the action of gunpowder and other explostvea has made much progieM^ 
and has developed into a vast province of artillery science, which, guided by the 
disooveries of chemistry, has worked out a ' smokeless powder which bums withoat 
leaving a residue, and docs not therefore give any ' powder smoke ' (to hinder ihe rapidity 
of firing and aiming), and at the same time disengages a greater volume of gaa and con* 
•equently gives (under proper conditions of combustion) the possibility of commanl* 
eating to the charge a greater initial velocity, and therefore greater distance, foroe» 
and aoouraoy of aim. Such ' smokeless powder ' is prepared either from the varieties of 
nitro-oellulose (Chapter VL, Note 87) or from a mixture of them with nitnvglyceriiM 
(ibid). In burning they give, besides steam and nitrogen, generally a largo amount of 
oodde of carbon (Uiis is a very serious drawback in all the present forms 0/ tmokeleas 
powder, because carbonic oxide is poinonous), and also CO^^, II^, &c. 

^' The substances obtained in this case arc mentioned in Chapter IX., Note 81. 

1* A. Scott (1887) determined the vapour densities of many of the tOkali elements and 
their compounds in a platinum vessel heated in a furnace and previously filled with nitro- 
gen. But these, the first data concerning a subject of groat importance, havo not yel 
been sufficiently fully described, nor have they received as much attention as could be 
desired. Taking the density of hydrogen as unity, Scotfr found the vapour densities of 
ihe following substances to be — 

Na 12*76 (11-6) KI 62(64). 

K 19 (19-6). BbCl 70(00). 

CsCl 89-6 (84-2). Csl 188(180). 

FeCl, 68 AgCl 80(717). 

In brackets are given the densities corresponding with the formulo, according to 
Avogadzo-Gerhsrdt's law. This figure is not given for FeClg, because in all probability 
tinder these conditions (the temperature at which it was doterminod) a portion of ths 
VeC]« was decomposed. If it was not decomposed, then a d'ensity 81 would correspond 
vith the fonnula FeClf, and if the decomposition wore FefC]«a2FeCl3 + Clg, then the 
•density should be 64. With regard to the silver chloride, there is reason to think thai 
4he pUtanum decomposed this salt. The majority of Soott's results so closely corresponA 
vith the formolA that a better concord cannot be expeoted In enoh determlnstionsi 
T. Meyer (1887) gives 99 •- ^^'^ ^«nslty of XL 
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byJrogen = I). This shows that the molecule of potnaHiiin] {like that 
of sodium, mercury, and zinc) conUiits but one fttotn. This is also the 
cue with many other tDetals, judging by recent researches.'* The 
specific gravity of potaniDm at 1 6° is 0-87, and is therefore Ices than 
thai of aoiiiuni, bs is also the case with all its compouads.'^ Potassiuin 
deconnposea water with great ease at the ordinary temperature, evolving 
46,000 heat units per atomic weight in grams, The hoat evolved ia 
safficient to inflame the hydrogen, the Same being coloured violet from 
the presence of particles of potassium." 

With regard to the relation of potaaaiam to hydrogen and oxygen, 
it IS closely analogous to sodium in this reapeot. Thus, with hydrogen 
it forms potassium hydride, K,H (between 200° and 411"), and with 
oxygen it gives a auboxide K,0, oxide KjO, and peroxide, on)y moro 
oxygen enters iat« the composition of the latter than in sodium per- 
oiido ; potassium peroxide contains KO,, but it is probable that in tha 
combustion of potassitun an oxide KO ia also formed. Potassium, 
like sodium, is soluble in niercnry," In a word, the relation between 
sodium and potassium is as close as that between chlorine and bromine, 
or, better still, between .fluorine and chlorine, as the atoniia weight of 

1* Tha moleoulea ol noii>inetaIii aro more cDlapIex~f or baUSM, Hj, Oj, 0)], lie. Bat 
■naujc, whoAo BaperflciKt Appearance recaJTs th^t of metalt. bal wbou chemica] piopa^ 
tiAft appTo«ah mora dvojIt to tho iioii-m«tid»i hu % coiDplex moIecoJe Dontuujiig kMt- 

B Ab the aUimio weight of potBAaiaoi ji gttAiei tliui ttiAb of aodjom, tbo votauutt 
of Ihe molecnlce, or the qootiants of tho molocuUi weight by the ipeciflc greTity, (or 
potuiiiuD componnda are greater than IIumo of HidiDni tomfioiuds, becaaae boUi the 

ol the correepoodiiig compoandi — 

tit. U NoHO 18 NaCl in NoNO, ST I«il,90, til 
K (S EHO 9T KCl 88 KNO, 43 K,SO, M 



" K,-fCOis 



Loui TBOit be Iftken io decompoeing water by pataiaium aa bava 
vun(CUptmII., NotoS). 

I that poteflOiuni'decoiDpoaei corbonio anhydride and carbacfa 
carbon being liberated and the oxygen leba np by Ibe meto], 
1 ctaorcool takes op oxygen from potuainm, on ia aeoD from tb« 
31 by hentiiie potub Hitb clmiooe], benae Uie reaction 'KgO+O 
and tho relation ia lias lomo In Uiii CM« 0* between hydrogm 



" Poin4riuinioraiaaHo^itmlhtQdiitrn\ 
B eqaivaleati of pattwioni ta one equlrolt 
ordinary tempereture^ Joonjiia. by detenn 
■Uoyi in daeain|ioiiiig water, lonnd Uie an 



I proportinto. Tho alloys oontaininf 1 and 
rf Bodiom ore liquidt, like mercury at tbs 
g the amoDDt of heat developed by then 
m for Na,S, MoX. NtK^ vu> NaKj to be 
441, tt-I, M'H ana 44'< inoniaiui neat luuU toipectirely (for Na 13-fl and for K ttt). 
The fomulioa of the alloy titSt 1> therelore acoonipgjucd by ibe dccclopmeiit of hetii, 
frhilit (be other alloye may be regarded M oolutioni ol potoaaium or lodiiim in thii alloy. 
la any oue a iall ol the lemiiaratDre a[ duion ie etiduot in thii loelance aa ia the alloya 
oloiU* (Hots 1<)< The liquid alloy NaK, i* now used lor filling thennometeis employti 
(Of Innpeiktnrei tbove H0°, when moicuty boilg. 
•12 
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aodiom, 23, if m much greater than that of fluoriiia^ 19, ms thai of 
potMsiam, 39, ii greater than that of chlorine^ 35*5. 

The reaemblanoe between po(amum and t odi mm m ao great that 
tkeir compounds can only be eaailjr diMinguUked in the form of certain 
of their ealta. For instance, the acid potaaiiam tartrate^ CJSLJKO^ 
(cream of tartar), is distinguished bj its qtaiing sdlabilitj in water and 
in alcohol, and in a tolotion of tartaric add, whilst the eorrespooding 
sodium salt is easily soluble. Therefore, if a solution of tartarie acid 
be added in considerable excess to the solutions of the majority of 
potassium salts, a precipitate of the ^Miringly-soluble acid aalt is 
formed, which does not occur with salts of sodium. The chJoridea KCl 
and NaCl in solutions easily give double salts E^PtCl^ and Na,PtCl^ 
with platinic chloride, PtCl4, and the solubility of these mlta is very 
different, especially in a mixture of alcohol and ether. Tlie sodium aalt 
h easily soluble, whilst the potassium salt is insoluble or almost so, and 
therefore the reiiction with platinic chloride is that most often used 
for the separation of potassium from sodium, as is more fully described 
in works on analytical chemistry. 

It is possible to discover the least traces of these metals in admix- 
ture together, by means of their property of imparting different colours 
to aflame. The presence of a salt of sodium in a flame is recognised 
by a brilliant yellow coloration, and a pure potassium salt colours a 
colourless flame violet. However, in the presence of a sodium salt 
the pale violet coloration given by a potassium salt is quite undistin- 
guishable, and it is at first sight impossible in this case to discover the 
potassium salt in the presence of that of sodium. But by decomposing 
the light given by a flame coloured by these metals or a mixture of 
them, by means of a prism, they are both easily distinguishable, because 
the yellow light emitted by the sodium salt depends on a group of light 
rays having a definite index of refraction which corresponds with the 
yelldW portion of the solar spectrum, having the index of refraction 
of the Fraunhofer line (strictly speaking, group of lines) D, whilst the 
salts of potassium give a light from which these rays are entirely absent, 
but which contain rays of a red and violet colour. Therefore, if a 
potassium salt occur in a "flame, on decomposing the light (after passing 
it through a narrow slit) by means of a prism, there will be seen red 
and violet bands of light situated at a considerable distance from each 
other ; whilst if a sodium salt be present a yellow line will also appear. 
If both metals simultaneously occur in a flame and emit light, the 
spectrum lines corresponding to the potassium and the sodium will 
appear simultaneously. 



POTASSIUM, RUBIDIUM, C.SBIUM, AND UTHIUM 



fi6I 



Por convenience in carryinjf on this kind of testing, tpeetroia^M^ 
(fig. 72) ore construoted," conEiBting of a refracting prism and threa 
tubes placed in the plane of the refracting angle of the prism. Ona 
of the tubea, C, has a vertical stit at the end, giving access to the light 
to be tested, which then passci into the Cube (collimator), oontainiog k 
lens which gives the rays a parallel direction. The t&ya of light havlog 
pBssedthrongh lheElit,and havingbecome parallel, are refracted and dia- 
peraed in the prism, and the spectrum formed is observed through the 
eje-pieceoflhe other I«le- 
ecope B. The third tube 
D contAins a, horizontal 
transparent scule (at the 
outer end) which it 
divided into equal divi- 
Bion». The light from a 
source such, as a goa 
burner or candle placed 
before this tube, pnsises 
through the scale, and 
is reflected on that face 
of the pvism which stands 
before the telescope B, 
BO that the image of 
the scale b seen throngh 
tliis telescope rimul- 
taneously with the spec- 
trum given by the rays !SSS3^??Si« 
passing through tl " 

slit o( the tube C. 1 
thia manner the image of the icale and the spectrum given by thtf 
source of light under investigation are seen stmultiineouEl;. If tho 

Dore coinpUc&lod flpH>' 



e. nHprUm mid Mile miBTavJ Witt 



A Ufbt li plKvl tieflin lb 



^ Ibroftflli B 



»Fatu 



re^nirfld whJdj gifti a greatar diBpenitrd, 
pnrpeaa vitli soTeril priima— lar aumple, in Browning') •peolroo.'op? the lighl pauca 

I ttiroogb ail priime, uid (ben, luting undergone ui ioMrnal toUl ndootbn, iHuin 

t thnsgh the upper portion of the aajne aii ptiimt, and again by an interna] total leBao- 

I, ticn paaaoa inio (bo acolai tube. Vitb auoh ■ powerful diaponioo Ihe roliLtive pnitioB 

r (rf tba spectral linei may be determined »iUi mamiiaoy. For tbe abwlatg and eiaot 

I detenniaalioD ot the wats lengtbt it i* pivticululy inpartoat thai the apeoliONop* 

K shoDld be famished vith diffraction gratings. The cangtractlon ol apeotioecopea daa- 

\ tined lor apeciil porpoaet (tor exampta, for inTeatigaling Che light of utan, or lot deter- 

L mining the absorption apeotn in microbApio pr^^pantione, &c,) ia exceedingly varied. 

^^^^^ Pelciti at the mbjoet mtut bo looted lor in wotky on phyaica and on apectmni analyd*. 

^^^^H iaaof the latter the beat knooo for (belt CDmplel«nel> and merit uo Ihoie ol BomiMi 

^^^^H SV"! 'Vogel. and L«caq do Boisbaudran. 
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tail's rays be direoted through the slit of Um tube C, then the ob« 
aenrer looking through the eye-pieioe of B will see the aoUr qteotnim, 
and (if the aperture of the slit be narrow and the apparmtda cor- 
rectly adjusted) the dark Fraunhofer lines in it.*^ SmaU-siaad 
spectroscopes are usually so adjusted that (looking throogh B) the 
violet portion of the spectrum is seen to the right and the red portion 
to the left, and the Fraunhofer line D (in the bright yellow portion of 
the speci^rum) is situated on the 50th division of the soaU.^ If the 
light emitted by an incandescent solid — for example, the Drmnmood 
light— be passed through the spectroscope, then all the oolonrs of the 
solar spectrum are seen, but not the Fraunhofer lines. To obeerre 
the result given by a flame coloured by various salts a Bunsen gas 
burner (or the pale flame of hydrogen gas issuing from a platinum 
orifice) giving so pale a flame that its spectrum will be practically invisible 
is placed before the slit. If any compound of sodium be placed in the 
flame of the gas burner (for which purpose a platinum wire on whose end 
sodium chloride is fused is fixed to the stand), then the flame is ooloared 
yellow, and on looking through the spectroscope the observer will see a 
bright yellow line falling upon the 50th division of the scale, which is 
seen together with the spectrum in the telescope. No yellow linea 
of other refractive index, nor any rays of any other colour, will be 
seen, and, therefore, the spectrum corresponding with sodium com- 
pounds consists of yellow rays of that index of refraction which belong 
to the Fraunhofer (black) line D of the solar spectrum. If a potassium 
salt be introduced into the flame instead of a sodium salt, then two 
bands will l>e seen which are much feebler than the bright sodiom 
band ^namely, one red line near the Fraunhofer line A and another 
violet line. Besides which, a pale, almost continuous, spectrum will be 

** T\\e arrangenionl of all the pArU of the appAratas so as to give the deareal powibU 
Tision and accuracy of obaenration must eTidently precede erery kind of tpMtroMopio 
determination. DetAiU concerning the practical use of the apeotroacope miisi bs 
looked for in Hpecial works on the subject. In this trea ise the reader is sappoted to 
hare a certain knowledge of the physical data respecting the refraction of light, and its 
dispersion and diffraction, and the theory of light, which allows of the determination 
of the length of the wares of light in absolate measure on the basis of obMrrayons 
with diffraction gratings, tlio distance between whose divisions may be easily maanuvd 
in fractions of a millimetre ; by such means it is possible to determine the waTe-length 
of any given ray of light 

^ In order to give an idaa of the size of the scale, we may oUerre thai ibs 
ordinary spectrum extends from the sero of the scale (where the red portion is aitnatod) 
to the 170th division (where the end of the visible violet portion of the speciram U 
situated), and that the Fraunhofer line A (the extreme prominent line m the r«d) eor- 
responds with the 17th division of the scale ; the Fraunhofer line F (at the beginning of 
the blue, near the green colour) is situated on the 90th division, and the line G, whioh it 
clearly seen in the beginning of the violet portion of the spectrum, corresponda with tha 
187th division of the scale. 
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obKrred in the central portioiu of the scale. If a. mUtare of sodiuin 
and potsssjnm ulta be navf introdaced into the S&mo, three line* 
will be eeen simaltMieOQelf — oaine];, the rod and pale vktlet liuee of 
potMsiiiTD and the jellow line of sadimn. In this maniier it is potiible, 
bj the aid of the speetroeeopei, to determine the relation between the 
spectra of metals and known portiona of the BoUr epectrum. The con- 
tinaitjof the latter la interropted by dark lines (that is, hj an abseoce 
of light of a defioite index of refraction), termed the Fraunbofer linea 
of the solar speotniin. It hoi been shown bj careful obBervstion* (by 
Fraunhofer, Brewster, Foucanlt, Angstrom, Kirchhoff, Cbmn, Iiockyer, 
Dewar, and others) that there ensts an exact agremanl between Ae 
tpectra of certain melalg and certain of the Fraunho/er linea. Thus the 
bright fellow sodinm line exactly corresponda with the dark Fraun- 
hofer line D of the eolnr spectrum. A similar agreement is observed 
in the case of man; other metjila. This ia not an approximate or chance 
oorrelatiorL In fact, if a apectroscope having a Urge number of re- 
fracting prisma and a high magnifying power be naed, it ia Eeen 
that the dark line D of the solar spectrum consists of an entire ajatem 
of closely adjacent but definitely aitnated fine and wide (sharp, distinct) 
dark lines," and an exactly similar group of bright lines is obtained 
when the yellow sodium line ia examined through the same apparatus, 
so that each bright sodium line exactly corresponds with a dork line in 
the solar spectrum." wi xhis conformity of the bright lines formed by 
sodium with the dark lines of the solar spectrum cannot be accidental. 
This conclusion is further confirmed by the fact that the blight lines 
of other metals correspond with dark lines of the solar spectrum. 
Thns, for example, a seriea of sparks pasiing between the iron electrodes 
of a Rnhmkorff coil gives 4S0 very distinct lines chara^iterising thi« 
metal. All these 150 bright lines, constituting the whole apeotrum eorre- 
sponding with iron, are repeated, as KirchbolF showed, in the solar 
spectrum as dark Fraunhofer linos whicli oocar in exactly the some situa- 
tions as the bright lines in the iron spectrum, just as the sodium lines 
correspond with the band D in the solar spectrum. Many observers 
have in this manner studied the solar spectrum and the spectra of 
different metals simultaneonily, and discovered in the former lines which 

" Thelvoraoit distinot IiiieioFD,i]t of «diain,li>TemTe-1eDKthiolS8B'SuidSB8-S 
■nilL'oDtlu □[ % miltlmeMr, bciidot irhicb Mntst snd hiotec linea us haq nboM mve- 
lengthi in mlllliinlhi of ■ milliineleT 4re l»8-7 mi gSS'l.Slfl-O and SlE't, SUS Hd Ht'l, 
AVB'S aoJ 4DS'a, ^c-, acccirdiiif la hir^iag and Dewar. 

M bk Xa tho OTdintty apectioKopea which are anuDj Ginpla3Vl In dlcmlcal rewueh, 
Dua TsQow buid, wtiich doM not iplib np Into thjimar Hrm, n awn ioatead of the ajtMm 
o( aodiiUD Uoei, owing M Ute anuU diajwrvTs poim of (be prloa aitd the width of Uw 
plil of tha objMt MbB. 
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correspond not only with sodium and iron, but abo with inAnj other 
metals.^ The spectra of such elements as hydrogen, oxygen, nitrogen, 
and other gases may be observed in the 80>oalled Oeissler's tubes — that 
ift, in glass tubes containing rarefied gases, through which the discharge 
of a RuhmkorfTs coil is passed. Thus hydrogen gives a spectrum com- 
posed of three lines— a red line corresponding with the Fraunholer line 
Cy a green line corresponding with the line F, and a violet line corre- 
sponding with one of the lines between O and H. Of these rays the 
red is the brightest, and therefore the general colour of luminous 
hydrogen (with an electric dischaxge through a Oeissler tube) is reddish. 
The correlation of the Fraunhofer lines with the spectra of metals 
depends on the phenomenon of the so-called revenal of the spectrum. This 
phenomenon consists in this, that instead of the bright spectrum cor- 
responding with a metal, under certain circumstances a similar dark 

*^ The moti accurate iDTestigationfi made in this retpect are carried on with afMctoi 
obtained by diflraction, bocaase in this case the position of the dark and bright lines doM 
not depend on the index of refraction of the material of the priam, n<»r on the diapenavt 
power of the apparatut. The best— that is, the most general «nd aocorate — t>y>^hQ«l of 
eipresaing the resulta of snch determinations consists in determining the lengths of the 
waTes Gorresponding to the rays of a definite index of refraction. (Sometimes instoid of 
this the fraction of 1 divided by the square of the wave-length is given.) We will ezpnes 
this wav9-Ungth in millionth partt of a millimetre (the ten-millionth parts are already 
doubtful, and fall within the limits of error). In order to illustrate the relation between 
the wave-lengths and the positions of the lines of the speotmm, we will cite the wave- 
lengths corresponding with the chief Fraunhofor lines and colours of the spectrum. 

Fraunhofer line . ABC D EbFOH 

Wave-length 7610 687*6 6666 689-6-5a8-9 627*8 618-7 486*6 481*0 807*fi 

^ _.. I II ■ ^* --11 «» ■ , »» - «- -« - - 

Colour red orange yellow green blue violet 

In the following table are given the wave-letigtht of the light rays (the longest and 
most distinct, tee later) for certain elements, those in black type being the most dear^ 
defined and distinct lines, which are easily obtained either in the flame of a Bonsen's 
burner, or in Qeissler's tubes, or in general, by an electric discharge. These lines refer 
to the elements (the lines of compounds are different, as will be afterwards explained, 
but many compounds are decomposed by the flame or by an electric discharge), and 
moreover to the elements in an incandescent and rarefied gaseous state, for the 
spectra sometimes vary considerably with a variation of temperature and pressure. 

It may bo mentioned that the red colour corresponds with lines having a wave-lengilf 
of from 780 (with a greater wave-length the lines are hardly visible, and are ultra red) to 
660, the orange from 660 to 600, the yellow from 600 to 620, the green from 620 to 490» 
the blue from 490 to 420^ and the violet from 420 to 880 millionth parts of a millimetre. 
Beyond 880 the lines are scarcely visible, and belong to the ultra-violet. For fluorine 
Moissan found as many as 18 bright lines from 744 to 028. 

In the table (p. 666) which is arranged in conformity with the image of the spectrum as 
it is seen (the red lines on the left-hand and the violet on the right-hand side), the fignree 
in black type correspond with lines which are so bright and distinctly visible that they may 
easily be made use of, both in determining the relation between the divisions of the scale 
and the wave-lengths, and in determining the admixture of a given element with another. 
Brackets join those lines between which several other lines are clearly visible if the 
dispersive power of the speotrosoope pennits distinguishing the neighbouring linee. la 
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spectrum in the form of Fraunhofer lines may be obtained, as will be 
explained directly In order to clearly understand the pher 

Urn otdinuy labontory tpHtrouopoi 
■itboM priun.eTan withftUpawbla 
pr«oi>ioii ol smogement ud witb a 
btiUjuiD; of light permitling the 
obumtiann boing mtiia with ■ v«7 
luuttni ipenus. th« lidflg «hoH uttrB- 
loiglhs only dtSei' by ft-B millumths 
ot ■ mllliDietn, in bloind togslhcr ; 
uid with A widfl apdrtnrs ft Beriai ot 
ILaea diflemig by even u mach u 
HI miUioDthaol ■ miUiniatn appeu 
•a one wido line. With k lunt hght 
(Ihit is, with ■ amiJI qu&Dtily ol 
bght mtering into Iha ipedtrotoope) 
nlf the moM brillUHH hoci His 
cleulj viaible. The Unfflh ol tbo 
linei does not »lw»ji corwapoBd 
with their fariUiuicy. According to 
Lnokyn thiA Length lb detenaiiwil 
by ptkcing tba curbon elHtndeft 
(betwo™ which the inwadeiwent 
npODia of 
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particularly clear from Ciwnioiia') 
reBHU-ohei on the halogen*, until 
the metbod ol obiemtian end the 
theorr el the •□b}ect eta enluged, 
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tinea may be ascribed to the absorption of certain rays of light in ita 
pMsage from the luminoits maGs of the sun to tbe eanh. The reinark- 
nble progress Diude in nil spectroscopic research dates frum tbe in- 
VMtigatioDB made by Kirehhoff(\S5d)oii the relation between sbaorption 
■pectra and the spectra of luminous incandescent gases. It had already 
been observed long before (by Fraunboter, Foucault, Angstrom) that 
the bright spectrum of tbe sodium Dame gives two bright lines which 
ai« in exactly the same position as two block lines known as D in 
the solar spectrum, which evidently belong to an absorption spectruin. 
When Kirclihoff caused diffused sunlight to fail upon the slit of a 
apeatroseope, and placed a sodium flame before it, a perfect super, 
position was observed — the bright sodium lines completely covered 
the black lines Dof tbe solar spectrum. When further the continuous 
spectrum of a Drummond light showed tbe black line D on placing 
a Bixlium flame between it and the slit of the spectroscope-^^that 
is, when the Fraunhofer line of the solar speotrunj wai artificially pro- 
-duced — then there was no doubt that its appearance in the solar spectrum 
was due to the light passing somewhere through incandescent vitpours 
of sodium. Hence a new theory of revfned »peclra" arose — that is, 

Ghromtlic pbotognpby. the ipHtn ot blood. obloFopbjU (tbs grsenconiLilaentaf ]ht«), 
ud other niniilu idhiUDMi, nil the mora urslollr u b^ the ud ol their ipectn the 

qnuttitiea, by the bid of ipuirU ^pplUncoa on the micraicape), uid ihe cbuign Ihtj 
nodergo iaveBtignted- 

The ftbeorvtion gppctrb, obtained bt tbe ordin&ry {empevaturp and [>topu to 
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for the geoeiml bbflorj ot tpaotiDHopy, uid for gtiniDg 4)t inugbt into Uie etmetw* ol 
■DbttuiEee. Th« UTHtigfttiaD at colouring nuUera bia tlmdT (hewn thai in oartalB 

ebugc of the coloora but bIh > dietilwtiniii 

■* A Bombu of metliodi luTe been invi 
■peetn; unong these metSod* we «IU oite w>-w .....•.•< -<v .» j .^-.^ v-^..^. vw<. •^ 
BnnMn'a matlud •odium ohloride la pot into an appualni for eroliing hydrogn (tka 
■pn^ a) lbs Mil 1* lluB «arTi*d oQ bjr (be bjidrogn) ud coloon Uw ftiine with tt« 



not only • deflnit* 
ibaorptian bandt by a defiuile 
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of tlie rektkxk between thewayeeof light amiUad and absorbed bj » 
tobeUnoe under given conditions of tempeimtnre ; this is ezpreaed 
bjr KirchhoiTs law, disooTered bj a careful analysis of the ph enomen i. 
Tliis law maj be formulated in an elementary way as follows : At a 
pven temperature the relation between the intensity of the light emitted 
(of a definite wave-length) and the absorptive capacity with respect to the 
same colour (of the same wave-length) is a constant quantity.*^ Am a 
black dull surface emits and also absorbs a considerable qoantity of heat 
lays whilst a poUihed metallic surface both absorbs and emits but few. 
to a flame coloured by sodium emits a considerable quantity of yellow 
rays of a definite refrangibility, and has the property of absorbing a 
oonsiderable quantity of the rays of the same refractive index. In 
general, the medium which emits definite rays also absorbs them. 

Thus the bright spectral rays characteristic of a given metal may 
be reversed — that is, converted into dark lines — by passing light which 
gives a continuous spectrum through a space containing the heated 
vapours of the given metal. A similar phenomenon to that thus arfti« 
ficially produced is observed in sunlight^ which shows dark lines 
characteristic of known metals — that is, the Fraunhofer lines form an 
absorption spectrum or depend on a reversed spectrum ; it being pre- 
supposed that the sun itself, like all known sources of artificial lights 
gives a continuous spectrum without Fraunhofer lines.'* We must 



yellow Bodium colour), and the hydrogen ih ignited in two bumcn — in €me burg* 
with a wide flftme giving a bright yellow sodium light, and in another with a amall fiaa 
orifloe whow flame ii pale : this flame will throw a dark patch on the large bright flans. 
In Ladoflsky's method the front tube (p. 501) is unscrewed from a Bpcctroacope directed 
iowardi the light of a lamp (a contiunont spectrumj, and the flame of a spirit lan^ 
coloured by a small quantity of NaCl is placed between the tube and the prism ; a Uadle 
band corre s ponding to sodium will then be seen on looking through the oeolar tube. 
This experiment is always suooessful if only there be the requisite relation between the 
strength of light of the two lamp*. 

^ The absorptiTe capacity is the relation between the intensity of the light (of a 
given wave-length) falling upon and retained by a substance. Bnnsen and Boeeoe 
showed by direct experiment that this ratio is a oonstant quantity for every tubetance. 
If A stand for this ratio for a given substance at a given temperaturs'-lar instance, for 
a flame coloured by sodium— and JS be the intensity of the light of the same wave-length 
emitted at the same temperature by the same substance, then KirchhofTs law, the ex* 
planation and deduction of which must be looked for in text-books of physics, states thai 
the friMtion AJE is a oonstant quantity depending on the nature of a substanoe (as ^ 
depends on it) and determined by the temperature and wave-length. 

'^ Heated metals begin to emit light (only visible in the dark) at about 480® (vaff • 
ing with the metal). On further heating, solids first emit red, then yellow, and laetij 
white light Compressed or heavy gases {$€e Chapter UL, Note 44), when strongly heated, 
also emit white light. Heated liquids (for example, molten, steel or platinum) also give 
a white compound light. This is readily understood. In * dense mass of matter Ihs 
ooUisions of the molecules and atoms are so frequent that waves of only a few deflnils 
lengths cannot appear; the leverse is possible la rarefied gaeet or vapoort. 
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Imagine that the sun, owing to the high t«iiip«rature which is proper to it, 
einitH a brilliant light which gives a continuous spectrum, and that this 
light, before reacbing our eyes, paases through a. space fuU of the vapours 
of different metals and their compounds. As the earth's atmosphere ^* 
contains vety little, or no, metallic vapours, and as they cannot be sup- 
posed to exist in the oeteatial spaoe,"^' the only place in which 
the existence of such vapours can be admitted is in the alnuuphefe 
titrrtmnding the sun ttaelf. ka the cause of the sun's luminosity muaC 
be looked for in its high temperature, the existence of an atmosphere 
containing metallio vapours is readily understood, because at that 
high temjierature such metals as sodium, and even iron, are sepa. 
rated from their compounds and converted inlo vapour. The aun must 
be imagined as surrounded by an atmosphere of incandescent vaporous 
and guseous matter," including those elements whose reversed spectra 
correspond with the Fraunhofer lines — namely, sodium, iron, hydrogen, 
lithium, cajciam, magnesium, Ac, Thus in spectrum analysis we find 
a means of determining the composition of the inaccessible heavenly 
luminaries, and much has been done in this respect since EirchhoS's 
theory was formulated. By observations on the spectra of many 
heavenly bodies, changes have been discovered going on in them,'* and 

^' BKWBtflr, fti i'b raenliooed Above, fint dialingiuihed tha Atmotipliorie, ooualcoi 
Pnonlioliic linei from tha mIu linu. Juusan ihowed that tfao spectnUD ot tb* ■tmo- 
tpben contuie liues Thbh depend on the 4b«orptioD prodac^ bj u|ueoui Tfepoor. 
Egocoff, OIbuwsIil, J^nsseu, kod Livaing uid Dewar ahowi^ b; a torieg at iMpetirAeuU 
thftt the oifgen ol tlie ttmoaphere givei me to cectiiin linct dI the mix >p»i:troiii, 
egpeciall; the line A. Liiciag uid Dowu took > Ift^ei ol IBS c.ni. of ai;geii Fompmued 
under & pnuure ol HE ktmiuphorea, luid determined iti abaorplian ipectnun. uid [oiind 
lh*t, bcEidBi (he Fminholer lioiM A tad B, it coottined tha loUowlug gioops : OaO-AlS, 
Ml-Sea, Wi, ieO-17Q. Tb* luue linei were laond lot liquid oiteeo. 

>■■>'' II ths natecial ol the wboU hetTenlf bpace [armed the ftburbeat medinm, tlie 
spectrs ol the atkn would b« the ume u the wlikr Bpcctrum ; bat Hnj-gbani, IiockTer, 
ud othen iLoited uot only Uut Ihia ia the Due lor only <t lew etui, bat tbd the 
Dujoritr of etua giis tpectn ol t diQirent ehuvclei with duh uid bright linee and 
biLDda. 

Ireqaest oconRance on the aim. Thcj an Been as pntDbecuicea litiblo doling a total 
eclipaa of tho aiui. Id the lonn of laporoua ma»ai od the edge ot Ihe aolar diu and 
emitting a taint light. Thou pntubertnon ol the aun an now abeerred at all llmei bj 

(girlng bright lifiea) ol bjfdrognn and other demeoli. 

■* The gnat [ntereal and TutncEa ol aitn-pbjrsiul oliutiationi enncemiog the ann. 
ooneli, Btan, nebolie, &c., tendnr Ihii new province ol naLurat Kience very impoiiaol, 
end neoeuilAte referring the nader to epeoial woriis on the aabject. 

The moBl important aatro-phjaica] data usee tlie time ol IbUnet are (hoie Klerring 
(0 the diiplacmiitl ol the linee ol tlie plectrum, Juit ae a miuical note changei it* 
pilcb with the apptoaoh or witbdnwal of the teaanant object or the ou, as tha pitsh ol 
the IgmlDOna note or wan-length ol the light Tarina it the Imninoiu (or abaarhent) (apanr 
tod tha aaitb bom which wa obeerre it approach or reoada Iron) each Other ; Ifa'ie 
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many of the elcmeots known to at hftTO been foand with certainty in 
them.** rroQi xhit it mint be ooneloded that tto aame elemente which 
eziit on the earth ooour throngbottt the whde uniTene, and that at 
that degree of beat which is proper to the sun thoee simple substances 
which we accept as the elemente in chemistry are still ondecompoeed 
and remain unchanged. A high temperature forms one of those 
conditions under which compounds most easily decompose ; and 
if sodium or a similar element were a compound, in all probabiHtj 
it would be decomposed into component parts at the high temper- 
ature of the sun. This may indeed be concluded from the fact that 
in ordinary spectroscopic experimentiT the spectra obtained often 
belong to the metab and not to the compounds taken ; this depends 
on the decomposition of these compounds in the heat of the flame. II 

expreuM iiMlf in a viMble displacement of the spectral linei. The loUr emptions •▼«■ 
giTe broken lines in the spectnun, becanse the rapidly moTing eraptiTe maaaes of Tapovr 
and gases either travel in the direction of the eye or fall back towards the sun. As th« 
earth trarels with the solar system among the stars, so it is poesibte to detanniiM ihb 
direction and Telocity with which the son travels in space by the displacement ci tlis 
spectral lines and light of the stars. The changes proceeding on the son in ite aaafS^ 
which must be prononnoed as vaporons, and in its atmosphere, are now ttodiKl bj 
means of the spectroscope. For this purpose, many special astro-physical obaarrmtarMS 
now ekist where these investigations are carried on. 

Wo may remark that if the observer or lominbns object moves with a valoeity 

* V, the ray, whose wave-length is A, has an apparent wave-length A •^-^, where n is tlis 

ft 

velocity of light. Thus Tolon, Hoyghens, and others proved that the star Aldir^nnm 

approaches the solar system with a velocity of 80 kilometres per second, while Aro i i inw 

is receding with a velocity of 45 kilometres. The majority of stars give a diatinol 

hydrogen spectrum, besides whit^ nebuln also give the spectrum of nitrogen. Loekytr 

classes the stars from their spectra, according to their period of formation, showing thai 

some stars are in a period of increasing temperature (of formation or aggregation), 

whilst others are in a period of cooling. Altogether, in the astro-physical investigation 

of the spectra of heavenly bodies we find one of the most interesting subjects of recent 

science. 

^ Spectrum analysis has proved the indubitable existence in the sun and stars of a 

number of elements known in chemistry. Huyghens, Seochi, Lockyer, and others have 

fumiMhcd a large amount of material upon this subject A compilation of existing 

information on it has been given by^ Prof. 8. A. Kleiber, in the Journal of the 

Bussian Physico-chemical Society for 1885 (vol. xviii. p. 146). Besides which, a peculiar 

element called heliimi has been discovered, which is characterised by aline (whose wav** 

length is 5875, situated near D), which is seen very brightly in Uie projections (pro> 

toberances) and spots of the sun, but which does not belong to any known element^ and 

is not reproducible as a reversed, dark line. This may be a right tH>nclusion— that is to 

•ay, it is possible that an element may be discovered to which the spectrum of helium 

corresponds — but it may be that the helium line belongs to one of the known elemental 

because spectra vary in the brilliancy and position of their lines with changee of 

temperature and pressure. Thus, for instamoe, Lockyer could onl> see the line 43S, al 

the very end of the calcium spectnun, at comparatively low temperaturea, whilst the 

lines 897 and 998 appear at a higher teinperature, and at a still higher temperatore the 

line 498 beoomet quite invisible. 
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n salt be introduced into the Qame of a gos-bumer, a portion ol 
it is decompOBeJ, first farmiog. in nil [irobAbility, with water, hydro- 
chloric ncid and Rodium hydroxide, and the latter then becoming partially 
decompoaed by the hydroc&rboos, giving metallic solium, whote incaa- 
deacent vapour emits light of a definite refrangibilily. This cotwluaion 
is arrived at (rom the following experiment : — If hydrochloric acid gaa 
be introdticed into a Same coloured by aodinm it is observed that the 
sodium spectrum disappears, owing to the fad that metallic sodiam 
cannot remain in the tlamo in the presence of an excess of bydrochlono 
acid. Thr> sauie thing takes place on the addition of sal-ammoniao, 
which in the heat of the flame gives hydrochloric acid. If a porcelain 
tabe containing sodium chloride (or sodium hydroxideor carbonate), and 
dosed at both ends by gloss plates, be so powerfully heated that the 
•alt volatilises, thcD the sodium spectium is not observable ; but if the 
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Bait be replaced by aodium, then either the bright line or the absorp- 
tion spectra is obtained, according to -whether the light emitted by the 
Incandescent vapour be observed, or light pas&ing through the 
tube. Thus the above spectrum is not given by Bodiura chloride or 
Other sodium compound, but is proper to the metal sodium itself. This 
u also the case with other analogous metals. The chlorides and other 
halogen compotiruJa of bariuoi, calcium, copper, die., give independent 
Spectra which differ from those of the metals. If barium chloride be 
Introduced into a dame, it gives a mixed apecti-um belonging to metallio 
barium and barium chloride. If besides barium chloride, hydrochloric 
add or sal-ammoniac be introduced into the flame, then the spectrum 
of the metal disappears, and that of the chlorido remains, which differ* 
distinotly from the apectnitn of barium fluoride^ bariom bromide, or 
baHom iodide. A Certain common r«sembhtnc« and certain oommon 
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no reuon for sappocing th&t the Epectrum of a compound is equal to 
:be sum of the spectra of its elemonts — that U, even/ eomjjound which 
ia not decomposed by heat iiae lis ovm proper tpectnttn- This ia best 
proved by absorption spectra, whichare essentially only reversed spectra 
observed at low temperatures. If every salt of sodium, lithium, and 
potassium gives one and the same spectrum, this must be ascribed 
to the presence in the Bume of the free metals liberated by the 
decomposition of their salts. Therefore tkt phettmneita of the »imtnun 
are detemnned by moUetiUa, ami not bi/ aloma — that is, the molecules 
of the metal sodium, and not its atoms, produce those particular 
vibrations which determine the spectrum of a sodium salt. Wbore 
there ia no free metallic sodium there is no sodium spectrum. 

Spectmm anali/aU has not only endowed science with a knowledge 
of the composition of distant heavenly bodies (of the sun, stars, 
nebulEe, comets, &c.), bat has also given a new method for study- 
ing the matter of the earth's surface. With its help Bunsen discovered 
two new elements belonging to the group of the alkali metals, and 
thallium, indium, and gallium were afterwards discovered by the same 
means. The spectroBcope is employed in the study of rare metals 
(which in solution often give distinct absorption spectra), of dyes, 
and of many organic substances, ^c." With respect to the metals 
which are analogous to sodium, they all give similar very volatile 

tbiLc light ma; 
MOpo. Tlis vu 

" The iinpoTliuKt of Uie apeetioiicopa lor the parpiMa at cheniiul leiwueh ynt 
aliudj ihonnby CUdttoas in lSGa,liatit did ucit become u ncceaury to Uia labontory 
until tiler Uis diiconeilei of Kirchboff ud Buuen. It nuy be hoped tint in lime 
■pegUaMOpiii leuutfaee will meet ceitsla wind of tho theoretical (philixoplucell 
^a of cbemlrti]', but is yet ill thel hu besD done in thie reepwt cui only be regudod 
V ■IteuptB whieh baTS noiyet led to ftny troatwotthy conclaaioni. Thai many jnteotj- 
gUon, by collating (be vave-Iengths of all the light vibntioDi eiclted by a given element, 
endeiiODi to find the Uw goTarniog their mutual leUlioiu ; otheia (especially Harltay 
Md Ciamician), by comparing the apectra ot anologoae elementa (lor Inataiicg, chlarlaa, 
brmiine, and iodlnel, have eDMwded in noticing definite teainree at reaembluice la 
them, whilit olhecs (GtUnnld) leanh Im relaliona betveen the ipeeln ol eompoundi 
and their component elemeotB, ic. ; bnl— oving to the mnltiplicity of the speclnl lines 
propet to many elemnala. and [eipedally in the nltta^n^d and Qltra^violet endi of Lha 
■pectnun) tbo eiislflnce ot linei whish are undiitinguiihable owing to their iBintava*, 
and alao ooing to the coinpentits Dorelly ol ipectmicopio reeeacch— thia lubjeet canool 
l/t ODuideied ai in any way perfected. Neveitlielsea, in certain inatuicee then la 
•Tidently aome relatlonhip belvoeo the vaTa-lenglha of all the apeclral linea formed by 
• given element. Qlina, in the hydrogen Bpectrom Ibo wave-IenBth ■^BOf'Stil >n>/(n'— «}, 
if m nrisa a* a •etiea of whola ncmbera from g to IS fW aimer. Hagebacfa, and otheraj. 
For example, when ni'^S, the wnie-lcDglli of one of the brigbteat linea ol tho hydrogen 
apMtrnni is obtained (BSB-a), when m = 7,onB ol the risible violet lioee (BWVe), and when 
m ia greater tbsn 0, (he uUtwiolel linea ol the hydiogan ipectrnm. 
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talU and such very characterittio tpectra that the leMt irmcae of 
them ^ are dUoovered with great eaee bj meana of the speotrosoopew 
For instance, lithium gives a veiy brilliant red odormUon to « flame 
and a very bright red spectral line (wave-length, 670 millionths nun.), 
which indicates the presence of this metal in admixture with componnds 
of other alkali metals. 

Lithium^ Li, is, like potassium and sodium, somewhat widely spread 
in siliceous rocks, but only occurs in small quantities and as mere traces 
in considerable masses of potassium and sodium salts. Only a very 
few rather rare minerals contain more than traces of it^** for example, 
spodumene and lithia mica. Many compounds of lithium are in all 
respects closely analogous to the corresponding compounds of sodium 

s* In order to show the degree of MnsiiiTeneM of tpeoiroeeopie r— ctiom the 
following obMnration of Dr. Bonce Jonee may be died: If a tolatkm of S gi«int of 
ft liihiom Mlt be injeeied nnder the ekin of a goinea-ptg, after th* Upie of four 
minntee, lithinm can be discoTered in the bile and liqnidi of the eye, and, after tea 
minatea, in all parte of the animal. 

** Thoa tpodum§n4 oontains ap to p.c. of lithiom oxide, and petoUi0t and UpidoHit 
or litbia mica, about 8 p.c. of liihiaro oxide. This mica ie met with in certain granitee 
in a aomewbat oonaiderable qaantity, and ia therefore moet frequently emfdoyed for the 
prepcuation of lithium oompounda. The treatment of lepidolite ia earned on on a large 
aeale, becauae certain aalta of lithium are employed in medioine as a remedy for certain 
diaeaaea (atone, gouty affections), as they have the power of diaeolrini^ ibe inaolable 
nric acid which ia then depoaited. Lepidolite, which ia nnanted on by aoida in its 
natural utate, decompoaea under the action of atrong hydroohlorio acid after it has been 
fused. After being aubjeoted to the action of the hydroohlc^o add for sereral hours all 
the silica ia obtained in an insoluble form, whilat the metallic oxides pass into solution 
as chloridea This solution ia mixed with nitric acid to convert the ferrous salts into 
ferric, and sodium carbonate is then added until the liquid bebomes neutral/ by which 
means a precipitate is formed of the oxides of iron, alumina, magnesia, Ao., as insolobla 
oxides and carbonates. The solution (with an excess of water) then oontains the ehlor* 
ides of the alkaline metala KCI, NaCl, LiCl, which do not give a predpitate with 
sodium carbonate in a dilate solution. It ia then evaporated, and a strong solution ol 
sodium carbonate added. This precipitates lithium carbonate, which, although soluble 
in water, ia much leas so than sodium carbonate, and therefore the latter predpitatea 
lithium from strong solutions as carbonate, SLiCl + Na^COs « SNaCl -I- Li^COs. ItUhium 
earhonaiet which resembles sodium carbonate in many respects, ia a aubatanoe which is 
very alightly aoluble in cold water and ia only moderately aoloble in bdling water. In 
thia respect lithium forma a transition between the metals of the alkalis and other 
metals, especially those of the alkaline earths (msgnesium, barium), whose carbo- 
nates are only sparingly soluble. Oxide of lithium, Li^O, may be obtaflned by healing 
lithium carbonate with charcoal. Lithium oxide in dissolving gives (per gram-molecule) 
96,000 heat units ; but the combination of Li^ with O evolves 140,000 calories— that is, 
more than Na,0 (100,000 calories) and K^O (97,000 calories), as shown by Beketoff (1887). 
Oeuvrard (1803) heated lithium to redness in nitrogen, and observed the absorption of 
N and formation of LisN, like Na^N (sss Chapter XII. Note 60). 

LiCl, LiBr, and Lil form crystallo-hydrates with HaO, aH,0, and 8H9O. As a rule. 
LiBrilHsO crystallises out, but Bogorodsky (1894) showed that a solution containing 
UBr + 8*7HsO, cooled to - 99fi, separates out crystals LiBrSHjO, which deoempose at -f 4^ 
with the separation of HaO. LiF is but slightly soluble (in 800 parts) in water (and still 
less so in a solution of NH4F). 
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utd potMsium : btit the carbonatt is sparingly soluble in cold water, 
which fact U Uken luiTantage of for separating lithium from potassiom 
and sodium. This salt, Li,CO], ia easily converted into the other 
coupoands of lithium. Thus, for inslAoce, the lithium hydroxide, 
IdHO, is obtained in exactlj the same way as cnnstic soda, by the 
action of lime on the carbonate, and it is soluble in water and 
crystallises (from its solution in alcohol) m LiHO.HjO. lletailic 
Uthinm is obtained by the action of a galvanic carrent on fused 
lithium chloride ; for this purpose a cast-iron crucible, furnished 
irith a stout cover, is Glled with lithium chloride, heated until the 
latter fuses, and a strong galvanic curnsnt is then passed through tho 
molten mass. The positive pole (Sg. 77) 
consists of a dense carbon rod C (sur- 
rounded by a porceiun tubeP fixed in an 
iron tube BB), and the negative pole ot 
ftn iron wire, on which the metal is 
deposited after the current has passed 
through the molten mass for a certain 
length of time. Chlorine is evolved at tha 
poaitivepole. When a somewhat consider* 
able quantity of themetal has accumulated 
on the wire it is withdrawn, the metal is '!:;J^'-JE7SS.'l<r™raB''S:2S 
collected from it, and the experiment is u™'™' •■ 
then carried on as before." ^i* Lithium is the lightest of all Tnetals, its 
specific gravity is 0'59, owing to which it floats even on naphtha ; it 
melta at ISO", but does not volatilise at a red heat, Its appearance 
recalls that of sodium, and, like it, it has a yellow tint. At 200° 
it bums in air with a very bright flame, forming lithium oxide. In 
decompo^g water it does not ignite the hydrogen. The characteristic 
test for IHhinui compounds b the red coloration which they impart to 
k colourless flame.*" 

Bunsen in 1860 tried to determine by means of the spectroscope 

U bia o,jjat£ (18fl0) RAommimdA kddiag HCI to tha LiCl ia prvpanng L] by this 
method, sua to ul nilh ■ cniranl oT 10 atnpina M SO toIIi, ud Dot to hett ikbora ISO", 
•0 » to iToid th« [ormition of Li,CI. 

"> In dBlarmining the prautiH ot lithiam in * givta oompoand, il i* bed to tretl lb* 
nubflriAl ander mreitigiktioii with ftcUl (id the Gft» of mLncTi] lilieoD Dotapounda bjdrtK 
fluoric Acid niDit be tokeo), uid to tnat the naLdiifl with anlpharie ftcid. eTtpontfl to 
drrnegi, ud eitrut with kleohol, which diuottsi ■ oertikia uoonni of Ih* lithiua 
tolphftte. It ii emj to diKOTsr lithium in lUob ui aloobolio Kintion h; meui of tha 
eolnnlion impsited to the Oune od boinicg it, tnd in cue of dosbt by invet^gsting ita 



Ughtio . 

it toDnd ■■ * duk line io the wUi >[ 



■ nd li 



, which i> 



676 FRINCIPLB8 OF CUEldSTBT 

whether an j other as jet unknowA metals might not occur in different 
natural product! together with lithium, potaaaiumy and sodium, and he 
soon discovered two new alkali metals showing independent spectra. 
They are named after the characteristic coloration wbidi they impart to 
the flame. One which gives a red and violet band is named rubidium^ 
from rubidiui (dark rod), and the other is called easium, because it 
colours a pale flame sky blue, which depends on its containing Inight 
blue rays, which appear in the spectrum of caesium as two blue bands 
(table on p. 565). Both metids accompany sodium, potassiumi and 
lithium, but in small quantities \ rubidium occurs in lai^ger quantity 
than CKsium. The amount of the oxides of ciesium and rubidium in 
lepidolite does not generally exceed one-half per cent. Rubidium has also 
been found in the ashes of many plants, while the Stassfurt camallite 
(the mother-liquor obtained after having been treated for KCl) forms 
an abundant source for rubidium and also partly for cnsittm. 
Rubidium also occurs, although in very small quantities, in the majority 
of mineral waters. In a very few cases cesium is not accompanied bj 
rubidium ; thus, in a certain granite on the Isle of Elba, csoaium has 
been discovered, but not rubidium. This granite contains a very rare 
mineral called poZ/ux, which contain? as much a%C4 percent, of CKsium 
oxide. Guided by the spectroscope, and aided by the fact that the 
double salts of platinic chloride and rubidium and c«sium chlorides 
are still less soluble in water than the corresponding potassium salt, 
K,PtCle>^' Bunsen succeeded in separating both metals from each 
other and from potassium, and demonstrated the great resemblance 

*> Th« mIu of th« mAJoriiy <^ metali are precipiUted m carb<m«tM on Um •^^J'ttga 
of ammoninm carbonate— for insta&cei the talU of calciom, iron, fte. The alkalis whoas 
carboDAt«8 are aoluble are not, however, precipitated in thia oaae. On OTaporaiinf Dm 
i«»tultant •olution and igniting Ihe residue (to remove the ammoniam salta), we oblafai 
ealtt of the alkali metals. They may be separated by adding hydrochloric add iogethtr 
with a tolution of platinic chloride. The chlorides of lithinm and sodinm give eaeily eolnhla 
double salts with platinic chloride, whilst the chlorides of potassium, mbidiuii, and 
c»»ium form double salts which are sparingly soluble. A hundred parte of water al 
0^ dias-k^lve 074 |)art of the potassium platinochloride ; the oonresponding mbkUoB 
plstinochloride is only diseolved to the amount <^ 0*184 part, ai^ the eadum eall, 
0C44 part: at 100° S'18 parU of potassium platinoehloride, K,PtC]«, aie disiolved, 
0*634 part of rubidium platinochloride, and 0*177 part of eaalnm p'*^'"in»hltTriile. 
From this it is clear how the salts of rubidium and casium may be itolated. Hm 
teparation of cissinm from rubidium by this method is very *^i<Hn. It oan ba betler 
•fleeted by taking advantage of the difference of the solubility of their caibooaiea ia 
alcohol; cwsium carbonate, CsfCQi, is soluble in alcohol, whilst the oorrespooding lalli 
el rubidium and potasaium are almost insoluble. Setterberg separated these metals as 
alnm*. but the best method, thai given by Scharples, is founded on the fact that fram 
a miiture of the chlorides of potasaium, sodium, ciesium, and rubidium in the pra- 
aeoce of hydrochlorio acid, stannic chloride pracipitates a double salt of cssinm, which 
is Tery slightly solttUa. The salts of Bb and Cs are closely analogous to Ihosa ol 
Botaselum. 
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they hear to each other. The isolated metala," rubidium and cieaiuiD, 
have respectively the specilic gravities 1-52 and 2-3GG, and melting 
points 39° and 37° u N.N. Beketoff showed (1894), he having obtained 
ransium by heating CsAlO, with Mg (" >'■). 

Judging by the properties of the free metals, and of their corre. 
Bpoading and even very complex corapounds, lithium, sodium, pot«.s- 
aiam, rubidium, and cieiium present an indubitable chemical resem- 
blance. The Fact that the metals easily decompose water, and that their 



D bj diiliUing ■ milt 



HnU with toot. 
-BbM0,tH,4 



Ba1»boff (lBS8)b]ihiiaingUu) liTaraiide w jth kIi 

^rtbaKtioDDlSGgnniioI rubidium on wUai.tll.uuo lioJit nmtn iritecoJred. Hettaibarg 
obUlned csiiam (laea) b; Iha elw^brolrui ot ■ tjueS miitute ol cyuida of canan ud 
ol bknum. Wmkkf (18901 ibowsd Uut moUUic mtgnsilDm tcdoMt the hjrdntM ud 
SMbfiDatSB ol Rb mi Ci lilie the oUer ilkitiaa niiUJi. tt. N. BakotaB obUiocd thun 
IriUi ttDniuiiam [tee loUowiog note), 

o »» BelieloB (1888) ahowed tlml nulallio itluminiam icJucei Iha hydnln ol tti* 
tlktlina meUla al a lad boat (the; ahould b« pertectt; irj) wiUi ths lOTDution of 
damiuUa (Chapter XVII). R&JOi— lar oivnpla, 9KH04-AloKAIO,iE*H,, It [a 
erjdent that (n thia caaa ool; liall ol the alkalina oitUl ia obUined [[». On Iha oUur 
hand, K. VinUflr (IBSB) aho'ed tfant BUignDBiDm poirder ia alao able to reduce lbs 
alkaline met*I> Inm their h;dnW> and carbonatea. N. N. Bekelofl and TaoherhachBfl 
(IWl) prepared ueiium upon Ibin prinsipte b; heating ita alumloate CaAlO, with 
nagnetium powdnc. In thin caw •lDnuaal« ot nugQeiiain ia (ormed, asd Ibe whole ol 
Uu meium it obtained aameUI: iCiMO,t-Jtg^«gOMfii*iCii. A »n^ <>»a> of 

DUgDeaiDm po»dst (in order to decompote the laal traosa ol vater); IhaCaAlOtVM 
pnpand bjr the precipitation ol Oieaiam ralumi bj cavallo baryta, and OTapocmting lh« 
nanltant aolotion. We may add that N. K. Bekelufl (1BB1) ptUfni oiida ol polaaaliuD, 
K)0, I17 heating the peroxide, EO, in tha nponr ot polaaunm |diaenga(ed tnm ita alloy 
vltti ailroT). and ahovad that in diantring in u eiceaa ol vater it eiolvea |Ior the abo**- 
gireo molecnlBr veigbt) »1.iOO caloiiea (while aEHO In diaaolviog In waUr ecolver 
U.BlOeal.: BO t]ialK,0.rH,OgiTa< tl.l«>,^.J. wbeonikDciwiiig Ibat K, + + E,0 in 
an eiceaa ol watet eooWaa ISl.SOO) it lollows that K, t O etoliea 07,100 oaL Thia qnantily 
I* aomewh*! leaa than thai llOO.seo eal.) which enrrespoiida to aodinm, tod tha aaetgy lit 
the aetioa of potaaainmnpon water iaeipl&iDBd bj Iha f ' ~~.' 

than Na,0 inoombiaingirithwatar (JH Chapter n.NoteSI. Joet aa h;di«gandiaplHM J 
hati the Na Iran Na^ lonniDg NaHO, ao alio N. N. BakeloB lonsd from eiparimani ] 
and lhanaa.ch«mieal reaaoninga that hjdrogendifplacea half tba polaati 
tonning SHO and emlfing 7,110 calotiea. Oiida ol iithiom, tii^O, which ia aa^l^ j 
tormed by igniting Li^Oj with carbon (when LigO + SCO ia fotmed), diaoogagM 
MiOOO call, with an aiMaa ot valar. while Ibe raaction Li,tO girea 111,000 cala. and 
the reaotion Lit • H,0 girea only 18,000 eala.. and matallio iithiDin ouiuot b» libomted 
from elide of lithium with hydregen (nor with carbon). Thua in the aoiiea LI, Sa, K, 
lb* lomMitn ol I^ giiea moat heat with Li and leaat with K, while th* tonnatioo ot 
BOl arolna mort faMt with K (10t,00a Mia.) and lenal ot all with Li m.MO oala.). 
BalndiniD, la binning Bb^O, giioa 01,000 cala. (BobetoS). Cviinai, in acting upon an 
•xoeaaol water, arnlvea E],UO cala., and the reaotion Ce, + O evotvea about 100,000 data. 
~4j. mora Uiao K and fib, and ilmoat aa much at Na— and oiide ol cnaium reacts 
with hydrogen (acoording lo Ibe equation Ce,0 1- H = CaHO ♦ C») mors eaaily tli 



paratoto (the hydrogen 
mited oiido. AgCiO, w 
hydioggn with tha (ormi 



ll tba ordinaiy Mm. 
lorbed), aa BokatoS ehored (ISUS). He alio oblaiDld • 
'aa caaily lomied in tha praacDca of ailTN, and abaorlwd 



078 



H : I .« I 



b jdrozidfls and ewlMmAtM of neailf aU otfHT naUli ar« aiMQlsl^ 
thai tlMse inaUk form a aatval grMp of mlkaH flMia!f. Tba hili^gMi 
and the alkali meUls form, bj their chincter, Iha two eztrcDMs d tla 
elements. Manj of tbe other elemeoti aio metals apptoarhhtg tht 
alkali metal% both in their eapadtjol Inrming «dla and in not lormi«f 
acid oomponndik but are not to iinergetie as the alkali mctala, that ii^ 
thej form lea energetic bam. Such ate the onftiinon metals, atnt^ 
iron, copper, Ac. Some other elemtfiti^ in the character of their eom- 
poonds, approach the halogens, and, Uke them, eombiite with hjdrogm^ 
bat these compounds do not show the energetic propertj of the hslogei 
acids ; in a free state thej easily combine with metals, but they do not 
then form sach saline compoonda as the halognns do— in a woid, the 
lialogen properties are less sharply defined in them than in the hakgeos 
themseWes. Sulphur, phosphorus, arsenic, Ac belong to thia order 
of elements. The clearest distinction of the properties of the halogens 
and alkali metals is expressed in the fact that the former give adds 
and do not form bases, whilst the latter, on the contrary, only give 
bases. The first are true acid eUmenti, the latter clearly -defined ftam 
or metallic element*. On combining together, the halogens form, in a 
chemical sense, unstable compounds, and the alkali metals alloys in 
whicli the character of the metals remains unaltered, just as in the 
compound ICl the character of the halogens remains undisguised ; thus 
both classes of elements on combining with members of their own class 
form non -characteristic compounds, which have the properties of their 
components. On the other hand, the halogens on combining with the 
alkali metals form compounds which are, in all respects, stable^ and in 
which the original characters of the halogens and alkali metals have 
entirely disappeared. The formation of such compounds is accompanied 
by evolotion of a large amount of heat, and by an entire- change of both 
the physical .and chemical properties of the substances originally taken. 
The alloy of sodium and potassium, although liquid at the ordinary 
temperature, lb perfectly metallic, like both its componenta The 
compound of sodium and chlorine has neither the appearance nor the 
properties of the original elements ; sodium chloride melts at a higher 
temperature, and is more difficultly volatile, than either sodium or 
chlorine. 

With all these qualitative difierences there is, however, an important 
quantitative resemblance between the halogens and the alkali metal$. 
This resemblance is clearly expressed by stating that both orders of 
elements belong to thots which are univalent with respect to hydrogen, 
tt i« thus correct to say that both the above-named orders of ele- 
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ments replace hydrogen atom for atom. Chlorine ia able to take the 
pUce of hydrogen by metalepsis, and the alkali metals take thn placo 
of hydrogen in water and acida. As it is possible to consecutively re- 
place every etjuivalent of hydrogen in a hydrocarbon by chlorine, BO it 
is possible in an acid containing several equivalents of hydrogen to 
replace the hydrogen consecutively equivalent after equivalent by 
an alkali metsi ; hence an atom of these elements is analogous to an 
atom of hydrogen, which is taken, in all esses, as the unit for the 
comparison of the other elements. In araroonia, and in water, chlorine 
and sodium are able to bring about a direct replacement. According 
to the law of substitution, the formation of sodium chloride, NaCl, 
at once shows the equivalence of the atoms of the alkali metals and the 
halogens. The halogens and hydrogen and the alkali riietals combine 
with such elements as oxygen, and it is easily proved that in such com- 
pounds one atom of oxygen is able to retain two atoms of the halogens, 
of hydrogen, and of the alkali metals. For this purpose it is enovgti to 
compare the compounds KHO, K,0, HCIO, and C1,0, with water. It 
must not be forgotten, however, that tlie halogens give, with oxygen, 
besides compounds of 4ho type R,0, liigher acid grades of oxidation, 
which the alkali metals and hydrogen are not capable of forming. We 
shall soon see that these relations are also subject to a special taw, 
showing a gradual transition of the properties of the elements from 
the alkali metals to the halogens." 

The atomic weights of the alkali metals, lithium T, sodium 33, 
potassium 39, rubidium 85, and Cipsium 133, show that here, B.t in the 
class of halogens, the elements may be arranged according to their 
atomic weights in order to compare the properties of the analogous 
compounds of the members of this group. Thus, for example, the 
platinochloiidos of lithium and sodium are soluble in water ; those 

'^ V,'* may here oIiHive that (hs liiilog«PB, iLnd espKinllir iodine, nil} pt:i]' ths part 
of DMt*]! (huica iodine [■ more oaaily replaced ty metaU than Uie Qther halogeni, aud ih 
■pproachoa nearer to (he ineUl* In its phytica] propsrtiai than the otber bilogent). 
Seblltunberger obtained a eomponnd CHgOtOCI), wbieb ha called chlorinB iMUte, bj 
acting on acetic uihydride. (C^OI^O, irilb clilono* monciida, Cl^. With iodine Ibti 
compound gives off cblorins and fDi|i» iodine acsCale. CiH,0(OI), Bhich alio ii fonaed 
by tbe action of iodine chloride on •odium acetate, C,H]0(OKal. TheH componndl are 
eiidenlly notliing elu Iban miied anhjdhdea ol hrpoobbiRnia and hnwiodoUB addi, oc 
the piodDcta of the BDbilitntion ol hjdrogen in RHO by a halogen {lu Chapter XI, 
Nolai Be and 7S bis). Buch compoondi an verj Dnatabla, decompou vilh an eiploaloo 
when beatod, OJid aro cbiuiged bj the hUod dI WKter and ol insny oihei reaganta, irhlcb 
i> in acconUnco vith tbe [act that they contain very clouly allied element*, as dctea 01^ 
lt«l(, or ICI oi KHi. By tha acUon ol cbloriae monoiida on a miitnis ol iodine and 
acetie anhydride, Schlitieoberger alio obuincd the eomponnd l(C,UjO^,, which Is 
analDgons to ICI;, bccaoss tbe gioup C,H]0| is, like CI, * halogen, forming salU with 
th« oteM,. Similar piopertiei are loand in iodgiobiiniene (Gbaptei XL, Note 70). 
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doiennining the relation between its weight and that of its atll* 
giving oxide, as by this we know the quantity of the metal which 
combhies with B parts by weight of oxygen, and this will be the 
equivalent, because 8 parts of oxygen combine with I part by weight of 
hydrogen. One method is verified by another, and all the processes 
for the accurate determination of equivalents require the greatest can 
to avoid the absorption of moisture, further oxidation, volatility, 
and other accidental influences which affbet exact weighings. The 
description of the methods necessary for the attainment of exact 
results belongs to the province of analytical chemistry. 

For univalent metals, like those of the alkalis, the weight of the 
equivalent is equal to the weight of the atom. For bivalent netak 
the atomic weight is equal to the weight ol two equivalents, lor n-rmktA 
metals it b equal to the weight of n equivalenti. Thus aluminium^ 
Al s 27, is trivalent, that is, its equivalent = 9 ; magnesium, Mg sz 34^ 
is bivalent, and its equivalent s 1 2. Therefore, if potassium or aodiimi^ 
or in general a univalent metal, M, give compounds MyO, MHO, 
MCI, MNO„ M.2SO4, <kc., and in general MX, then for bivakni 
metals like magnesium or calcium the corresponding compoanda 
will be MgO, Mg(HO)„ MgCl„ Mg(NO,)„ MgS04, <ko., or in general 

MXf 

By what are we to be guided in ascribing to some metals «ni* 
valency and to others bi-, ter-, quadri-, n- valency 1 What obUgea 
us to make thii difierence 1 Why are not all metals given the wuemb 
valency — for instance, why is not magnesium considered as univalent I 



<m » large tcalei togekh«r with the emploTxaent ol eleclriealj for obteiaiog Id^ 
temper&iuret, &c., makes me regret that the pUn and dimeneione ol thie book, sod the 
impoMibility of giving a concite and objective exposition of the necessary electrical faote^ 
prerent my entering open this proTince of knowledgSi although I oooaider it my 
doty to recommend its stn^ to all those who desire to take part in the fnrlhat^ktvskip* 
ment of our science. 

There is only one side ol the sabject respecting the direct correlation between Umhw* 
chemical data and electro-motive force, which I think right to mention kflve,-M fS 
Jostifles the general conception, enunciated by Faraday, that the galvanio carmat is aa 
aspect of the transference of chemical motion or reaction along the condnoton. 

From experiments conducted by Favre, Thomsen, Garni, Berthelot, Cheltaeit md 
others, upon the amount of heat erolved in a closed circuit, it follows tikat tho sleetio* 
motive force of the current or its capacity to do u certain work, E, is propoitioiuil to tko 
whole amount of heat, Q, disengaged by the reaction forming the souroe of the eumat 
If E be ezptessc) fai volts, and Q in thousands of units of heat referred to eqvivmleal 
weighU, then E - (rO«36Q. For example in a Danielle battery E « 109 both by esperi* 
ment and theory, beca u se in it there takes place the decomposition of CUSO4 into Ca-t-O 
together with the formation of Za-f O and ZnO-(- SO^Aq, and these reactions eorreipoaril 
to Q B 2606 thousand units of heat 80 also in all other primary batteries («.ff. Btoksea^% 
Poggendorff' s, Sk.) and sr.,vd^iary ones (for instance, those aoUng aooofding'to Iks 
feaction Pb-i- HfSQc-hPbOw M Ch^lwff showed) E-O'MSa^^ 
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It this b6 done, taking Mg= 12 (and not 24 as now), not only is 
» simplicity of expression of the composttion of &I1 the compounds of 
TOttgnesiuia attained, but we also gain the advantage that their com- 
position will bo the same as those ot the corresponding compounds of 
Bodium and pot&ssiiun. These combinations were so expressed formerly 
-why boa this since been changed ) 

These questions could only be answered after the establishment of 
the idea ot multiples of the atomic weights as the minimum quantities 
of certain elements combining with others to form compounds — in 
ft word, since the time of the estsblishnientof AvogadrO'Gerhardt's law 
(Chapter VII. ). By taking such an element as arsenic, which has 
many volntile compounds, it ia easy to determine the density of these 
compounds, and therefore to establish their molecular weights, and 
hence to tind the indubitable atomia weight, exactly as for oxygen, 
nitrogen, chloriue, carbon, d'c. It appears that As = 75, and ita com' 
pounds correspond, like the compounds of nitrogen, with the formi 
AsX„ and AsXj : for example, AsH„ AaClj, AsFlj, As,0„ 4c. It is 
evident that we are here dealing- with a metal (or rather element) of 
two valencies, which moreover is never univalent, but tri- or quinqui- 
valent. This example alone is sufficient for the recognition of tho 
existence of polyvalent atoms among the metals. And as antimony 
■Ad bismuth are closely analogous to arsenic in all their compounds, 
(just as potaasium is analogous to rubidium and cesium) ; M^ 
although very few volatile compounds of bismuth are known, it waa 
necessary to ascribe to them formal* corresponding with those ascribed 
to arsenic. 

As we shall see in describing them, there are also many analogona 
metab among the bivalent elements, some of which also give volatila 
compounda For example, tiuc, which is itself volatile, gites sevenl 
volatile compounds (for instance, unc ethyl, ZnC,H||], which boils at 
116°, vapour density = 61'3), and in the utotecults of all these com- 
pounds there is never less than 65 parts of eiuc, which is equivalent to 
Hj, because 65 parts of linc displace 3 parto by weight of hydrogen ; m 
that zinc is just such an example of the bivalent metals as oxygen, 
whose equivalent = S (because Uj is replaced by O = 16), is a repro- 
tentative of the bivalent elements, or as arsenic is of the tri- and 
quinqui-valont elements. And, as we shall afterwards see, magnesium 
U in many respects closely analogoua to xinc, which fact obhgea us to 
regard magnesium as a bivalent metal. 

Such metoU as mercury and crtpper, which are able to give not on6 
bot two bases, ore of particular importance for distinguishing univalent 
Mid bivalent metals. Thus copper gives the suboxide Cu,Oand th» 
•13 
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oxide CuO^that is, the compounds CuX corresponding with the mx\h 
oxide are analogous (in the quantitative relations, by their composition) 
to NaX or AgX, and the compounds of the oxide CuX,, to MgXf, 
ZoX), and in general to the bivalent metals. It is clear that in such 
examples we must make a distinction between atomic Vr eights and 
equivalents. 

In this manner the valency, that is, the number of equivalents 
entering into the atom of the metals may in many cases be established 
by means of comparatively few volatile metallic compounds, with 
the aid of a search into their analogies (concerning which see Chapter 
XV.). The law of ttpecific heats discovered by Dulong and Petit has 
frequently been applied to the same purpose ' in the history of chemistry, 
especially since the development given to this law by the researches of 
Regnault, and since Cannizzaro (1860) showed the agreement between 
the deductions of this law and the consequences arising from Avogadro- 
Gerhardt's law. 

Dulong and Petit, having determined the specific heat of a number 
of solid elementary substances, observed that as the atomic weights of 
the elements increase, their specific heats decrease, and that ths produd 

' The chief meant by which we determine the y&Iency of the elements, or whal 
multiple of the equiralent should be ascribed to the atom, are : (1) The law of ATOgadro- 
Oerhardt. This method is the most general and trustworthy, and has already been 
applied to a great number of elements. (2) The different grades of oxidation and thmt 
isomorphism or analogy in general ; for example, Fe « 66 because the suboxide (fenoob 
Aside) is isomorphouB with magnesium oxide, Ac, and the oxide (ferric oxide) oontainf 
hall as much oxygen sgain as the suboxide. Berzelius, Marignac, and others took adTSA- 
iage of this method for determining the oompositionof the compounds of many elements. 
(8) The specific heat, according to Dulong and Petit's law. Hegnaalt, and more especially 
Cannizxaro, used this method to distinguish univalent from bivalent metals. (4) The 
periodic law («m Chapter XV.) has served as a means for the determination of (h« 
atomic weights of cdrium, uranium, yttrium, &c., and more especially of galliam, 
scandium, and germanium. The correction of the results of one meUiod by thoea 
of others is generally had recourse to, and is quite necessary, because, phenonMna of 
dissociation, polymerisation, Arc., may complicate the individual dcteilninations by each 
method. 

It will be well ta observe that a number of other methods, especially from the proviooa 
ol those physical properties which are clearly dependent on the magnitude of the aiem 
(or equivalent) or of the' molecule, may lead to the same result. I may point out, for 
instance, that even the specific gravity of eolutions of the metallic chlorides may sen^ 
lor Chis purpose. Thus, if beryllinm be taken as trivalent— that is, if the composition of 
its chloride be taken as BeCls (or a polymeride of it), then the specific gravity of 
solutions of beryllium chloride-will not fit into the series of the other metallic chlorides. 
But by ascribing to it an atomic weight Be » 7, or taking Be as bivalent, and the compo^- 
(ion of its chloride as BeCla, we arrive at the general rule given in Chapter VII., Note 28. 
Thus W. O. Burdakofl determined in my laboratory that the specific gravity at 16<'/4<> 
of the solution BeCl3+900HsO«l '0138— that is, greater than the corzMponding solutioa 
KCl-f^HsO (-il'OlSl), and less than the solution MgClfi-900H|O(-il0ft08), as would 
follow from the msgnlluds ol the moleMdar wsi^l BsGIt<-80^ sinos SCI -74-5 a&4 
Ilt0),«9e. 




^ the tpteifie heat Q itUo Ikn atomic weight A is an aimost ci 
^lantity. This means that to bring different elements into a known 
thermal state an equal aniouiit of work ia required if atomic qasntitiea 
of the elements are taken ; that is, the amounts of beat expended in 
heating equal quantities by weight of the elements are far from equal, 
but are in inverse proportion to the atomic weights. For thermal 
changes the atom is a unit ; all atoms, notwithauinding the diSerence 
of weight and nature, are equal. This is the amplest expression of the 
fact discovered by Dulong and Petit. The spccifio heat measures ihab 
quantity of heat which is required to raise the temperature oC one unit 
of vxigki of a substance by one degree. If the magnitude of the 
specific heat of elements be multiplied by the atomic weight, then we 
obtain the atomic heat— that is, the amount of heat required to raise 
the temperature of the atomic weight of an element by one degree. It 
is these products which for the minority of the elements prove to be 
approximately, if not qait«, identical. A complete identity cannot be 
expected, because the specific heat of one and the same substance 
varies with the' temperature, with its passage from one state into 
another, and frequently with even a simple mechanical change of 
density (for instance by hammering), not to speak of allotropie cbangea, 
ic. We will cite several figures* proving the truth of the concln- 

' His apeolfio bMd h«r« ginn refer to diHereot limiti ol tnmpontun, bnt in lb*- 
nujoritj of caHi betireen 0° and 100° ; onl; in the hw nf bcomine Ihc ipeoifia hut i« 
td« (foi Uis Mlid <rt*t») at t, (smptnttm bshiw -V, aooordins to BegiwTilVi deln- 
minatinn. Tht carJotim. s/ lAa tptdfie htat v;ilh a thangt of trmptraltin i* ■ 
T«ry oomplex pbanomaDon, the conudar&tJoD of whioh 1 Ihiitlr wonld hen ba onl of plaoa. 
t wiU Dulj oite > low Sgnin a* an anuDpU. Aonoiding to Byibiom. tha •paolfia heat of 
inm ■( 0°-0-lllS, at iaO°-D-lI14, at aOD^-O-llSS, at SOD^'OlleT, and at 1.100° 
- 0'4DS1- Betvean thus laib limita of taropnatim a chaugfl bakd plans in iron (a ^oa- 
(aneoDB beatiog, riealtiemM), aa ws ahall H« In Chapter XXII. For quaiti 8iO| 
FloDohoD gire* q-0■nn + M*nO-''-i^l*10-^ up to iDO°. (or melaUiD aluminimn 
(RictiardB, 18B9J al 0' O-VlSi, at 90° OtU, al 100° O-lSSi conHquenUT, aa • mh^ 
I the ipsdilo heat varjei ilightli irith the tamparatnre. Still more remaikabla are 

^^^^_ U. B. Waba'a obaerfationa OD the gi«M variation ol the apedBo haat of charcoal, tha 

^^^^^L diaDKmd sad boron : 

r 

I lmp< 

I beat 

L fcrna 

i 



Th«g determinationi, which hare been TeriAsd hy Desar, Le Chateher [Chapter TIIL, 
Hol«13),UoiHaD, and OaDtbier, the Utter AndiDg for boron AQ^OallOO°,Bie of espeoiil 
fonflnning the nnivanalit]' ot Dolong and Petit'i la«, becaiue ths 
elnosatd mentioned abovs form nceptions to Ibe goneral mle when the mean ipedflo 
beat ii taliBD for temperatnrsB bolwun 0° and 100°. Thus in the caie of the diamond 
Ibeprodoot ot A'Q at 0°'-I'3, and for boron <^3'1. Bnt if ire take the epeelflo beat 
h-.-there is evidently a tsodeocj widi a liio of temperature, ws obtain 
t mdoot aiipniMhifiit to 8 aa with oUisr Blementt. Thai with the diamond aaJl 
ident that the ^ooiia beat tends lowardi O'tT, which moltipled bj IB 
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riont ftrrired at by Dulbng and Petit with respect to solid elementarjr 
bodies. 

lA Na Mg 

As 7 23 24 31 

Qcr 0-9408 0-2934 0*245 0-202 

AQa 6-59 6-75 5-88 6-26 

Fe On . Zn Br 

Ass 56 63 65 80 

Qs 0-112 0093 0-093 0*0843 

AQ=: 6-27 5-86 6-04 6*74 

Pd Ag 8n I 

A= 106 108 118 127 
Qs. 00592 0-056 0-055 0*541. 
AQ= 6-28 6-05 649 6-87 

Pk Aa Hg Pb 

As=: 196 198 200 206 

Q= 0-0325 00324 00333 00315 

AQs 6-37 6-41 6-66 6*49 

It is seen from this that the product of the specific heat of the 
element into the atomic weight is an almost constant quantity, 
which is nearly 6. Hence it is possible to determine the valenoy 
by the specific heats of the metals. Thus, for instance, the speoifio 
beats of lithium, sodium, and potassium convince us of the .fact that 
their atomic weights are indeed those which we chose, because by 

gives 5*6, tbe Mme m for magneuom and aluminiam. I may here direct the reador't 
attention to the fact that for solid elements having a amall atomic weight, the spaoiflo 
he^ varies considerably if we take the average figures for tem{>eratttres 0^ to 100^ : 

Li-? Be = 9 B»ll C»lfi 

Q=: 0*94 0-42 0-24 020 

AQ= 6*6 8 8 2-6 24 

It is therefore clear that the specific heat of beryllium determined at a low temperators 
oanuot serve for establishing its atomicity. On the other hand, the low atomic beat of 
charcoal, graphite, and the diamond, boron, &c.f may perhaps depend on the oomplezity 
of the molecules of these elements. The necessity for acknowledging a great oomplezity 
of the molecules of carbon was explained in Chapter VIII. In the case of solphnr the 
molecule contains at least Se and its atomic heat = 32 x 5-168 " 522, which is distinotly 
below the normal. If a large number of atoms of carbon are contained in the molMola 
of charcoal, this would to a certain extent account for its comparatively small atomic 
beat. With respect to the specific heat of compounds, it will not be oat of place to 
mention here the conclusion arrived at by Kopp, that the molecular heat (that ia, tho 
product of MQ) may be looked on as the sum of the. atomic heats of its oomponanl 
•lements ; but as this rule is not a general one, and can only be applied to give an a^Mrozi- 
mate estimate of the specific heats of substances, I do not think it necessary to go into 
the details of the conclusions described in Liebig's ' Annalen Supplement-Band,' IBfiA i 
which includes a number of determinations made by K<^p. 
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-mtilti plying the specific be&te foand by experiment b; the correspond- 
ing atotnic weights we obtain the following figures ; Li, 6-69, N a, 6-78 
nnd K, 617. Of the alkaline euth met«ls the gpecilic heats have beea 
determined : of magaeslam = 0'245 (Regnaolt and Kopp), of cslciam 
= 0-170 (Bunaen). and of bariam = 0'05 (MendeUelTj. tf the aame 
compoaitioa be Mcribed to the compounds of tnagnedum as to the 
corresponding compounds of potassium, then the equivalent of mag- 
nesiurn will be equal to 12. On multiplying this atomic weight by the 
specific heat of magnesiam, we obtaiu a figtue 2-94, which is half that 
which IB given by the other solid elements and therefore the atomic 
weight of magnesium must be token sa equal to Si and not io IS. 
Thei> the atomic heat of magnesiam ^ 24 x 0*245 — G-9 ; for calcium, 
giving its compounds a composition CaX, — for example CaClj, CaSO^, 
CaO (Cft = 40)— we obtain an atomic heat = 40 x 017 = 6-8, and for 
barium it is equal to 137 x 0-05 = 6-8 ; that ia, they must be counted 
as bivalent, or that their atom replaces H,, Na„ or K,. This con- 
clusioQ may be cociirmed by a method of analogy, as we shall afterwards 
see. The application of the principle of specific heat« to tbe determi- 
nation of the magnitudes of the atomic weights of those metals, the 
magnitude oE whose atomic weights could not be determined by 
Avogadro-Gerhardt's law, was made about 1860 by the Italian pio- 
fessor CaniUKaro. 

Exactly the same cooclusioDS respecting the bivalenceof magnesium 
and its analogues are obtained by comparing the specific heats of their 
compounds, especially of the halogen compoands as the moat simple, 
with the specific heats of the oorrespanding alkali compounds. Thus, 
for instance, the specific heats of magnesiam and calcium chlorides, 
MgCl, and CaCli, are 0194 and 0164, and of sodium and potasaium 
chlorides, NaCl and KCI,0'214 and 0'172, and therefore their molecular 
heats (or the products QM, where M is the weight of the molecule) are 
18-4 and IS'2, 125 and 12'8, and hence the atomic heats (or the 
quotient of QM by the number of atoms) are all nearly 6, ss with the 
elements. Whilst if, instead of the actual atomic weights Mg = 24 
and Ca = 40, their equivalents 12 and 20 be taken, then the atomic 
beats of tbe chlorides of magnesium and calcium would be about 46, 
whilst those of potassium aad sodium chlorides are about 6-3.' We 

■ It mnit be remuktd Ihti in tbe case ol aijgan lud itu bydrogen ind cubon) 
oompoiudi Iba qsoliuit of UQ/n, wlun) n ii tlie noDibtf ot itDOU in tlie molecDie, Is 
Sinji leu tbu lot lolida; fat eumptg, lor MgO-'&O, CbO^G'1, UDO,^t'B, ice 
(<]=0'a}() = S, SiOi-S't, Sia. At preuat it n impoiiible to —J wbetbu thia depend* 
the muller ipeciSt] belt of the Itocn of oljgi^o in il> ulid oompaniid> (Kopp, Kote I) 
on KifDa otber cioH ; bot, neverthelHt, t^ng into Hwanl this deoreua depondlng 
the preHDce ol oiygen, t reflection ol Ibe stamieily oI the elemenU may to t certun 
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mast remark, however, that ai the specific heat or the amoant of heat 
required to ndse the temperature of a unit of weight one degree * ia a 

«sUnt be Men in the tpeoifio heak o! the oxides. Thus for elomin*, Al^Og (Q«0^7), 
MQaSS'S, and therefore the quotient MQ/n»4'5, which it nearlj that giren bj 
mtgnetiom oxide, MgO. Bat if we ascribe the same composition to alumina, as to 
magnesia — that is, if aluminium were counted as divalent'-we should obtain the Bgore 
8*7, which is much less. In general, in compounds of identical atomic oon^tontioa 
and of analogous chemical properties the molebular beats MQ are nearlj equal, as 
many investigators have long remarked. For example, ZoB^ll'l and HgS«ll*e; 
Mg8O4-97-0 and ZnSOi-SSO, &e, 

* If W be the smount of heat oontained in a mass m of a substance at a temperatim 
i, and dW the amount expended in heating it from t to t + dtt then the q^edfie heat 
Q m <{W/(m X dt). The specific heat not only varies with the composition and complexity 
of the molecules of a substance, but also with the temperature, pressure, and phyrical 
state of a substance. Even for gases the Tariation of Q with t is to be obserred. mm^ 
it is seen from the experiments of Begnault and Wiedemann that the qpeotflo heat of 
oarbonic anhydride at 0«->019, at 100<»-0-99, and at 900-0*94. But the Tariation of 
the spedflc heat of permanent gases with the temperature is, as far as we know, rtrj ia- 

oonsiderable. According to Mallard and Le Chatelior it is - P'^P^ per I"*, where M ia 

M 

the molecular weight (for instance, for O^, M » 89). Therefor^ the spebiflc heat of thoM 
permanent gases which contain two atoms in the molecule (H^ Of, N^, CO, and NO) 
may be, as is shown by experiment, taken as not varying with the temperature. The 
eoBstancy of the speoiflc heat of perfect gases forms one of the fundamental propositions 
of the whole theory of heat and on it depends the determination of temperatures by means 
of gas-thermometers containing hydrogen, nitrogen, or air. Le Chatelier (1887), on the 
basis of existing determinations, concludes that the molecular heat — that is, the 
product MQ — of all gases varies in proportion to the temperature, and tends to become 
equal («6'8) at the temperature of absolute sero (that is, at —978^); and therefore 
MQ « 6*8 -h a(978 + Oi where a is a constant quantity which increases with the oomplexity 
of the gaseous molecule and Q is the specific heat of the gas under a constant pressure. 
For permanent gases d almost > 0, and therefore MQ « 6*8— that is, the atomic beat (if the 
molecule contains two atoms) « 8*4, as it is in fact (Chapter IX., Note 17 *>'■). As regards 
liquids (as we as the vapours formed by them), the specific heat always rises with the 
temperature. Thus for benxene it equals 0*88 + 00014^ R. Schiit (1887) showed that the 
variation of the specific heat of many organic liquids is proportional to the change of 
temperature (as in the case of gases, acoordiug to Le Chatelier), and reduced these 
variations into dependence with their composition and absolute boiling point It is very 
probable that the theory of liquids will make use of these simple relations which recall 
4he simplicity Jot the variation of the specific gravity (Chapter II., Note 84), coberion, 
and other properties of liquids with the temperature. They are all expressed by the 
linear function of the temperature, a + bt, with the same d^^ree of proximity as the property 
of gases is expressed by the equation pv»Bt. 

As regards the relation between the specific heats of liquids (or of solids) end of their 
vapours, the specific heat of the vapour (and also of the solid) is always less than thai 
of the liquid. For example, bensene vapour 092, liquid 0*88 ; chloroform vapour 0*]18| 
liquid 0*98 ; steam 0*475, liquid water 1*0. But the complexity of the relations exist- 
ing in specific heat is seen from the fact that the specific heat of ice «> 0*809 is leea 
than that of liquid water. According to Begnault, in the case of bromine the speoiflo 
heat of the vapour- 0*055 at (150°), of the liquid -0107 (at 80°), and of solid bromlna 
* 0*084 (at —15°). The specific heat of solid benzoic acid (according to experiment and 
calculation, Hess, 1888) between 0° and 100° is 081, and of liquid benxoic add 0*60. 
One of the problems of the present day is the explanation of those complex relations 
which exist between the composition and such properties as specific heat, latent heat, 
•spaasion by heat, compression, internal friction, cohesion, and so forth. They oaa 







complex CjUintity ^including not Oo\y the increase of the energy of k 
substance with its rise in temperature, but also the external work of 
expansiou' and the internal work accomplished in the molecules 
OTilj- be ooiinerled bj a complele thwiy of liqnidi, which miy no* luiii bs etpecM, 

sabj«t h^vfl ftliAadj bfon putiallj eipluned. 

Ihe qUKilitjr of h«»t, Q, required lo ruM Um t«iu- 
peiltors ot one pui bf Wlighl ol t labaUnca by one degm mty bg eip'""'! by Iha 
mumQ-K-f B-fD, whs^Kii thehnt utiulLy opended in hu>tiDg Uu ■ubrtuict, or 
nhiil ii («raied the mbiolaM ipecific heal. B Iba Aoieont oI ha^t expended in the 
iDlenii] Kock eixompliahed with th< riie o[ tempenlur*, ud D Iht eioognt of beal ei- 
peoded in eitera&l vark. In Ihs cue d[ gtm th« lul qDantitj ouy be euilj dst«- 
IDiiud. knoinng their oMtBciODt ot Mpiniion, vhich U ipproiimituly ^DiWIKIS. Bj 
applying to thi> cue the tune ugomeDt given et (ha end oI Note 11, Cbipter I, ire Rnd 
thlt ana cobio metre ot k gu hetled 1° produoM en utemal work ol 10398 « 0W9M, 
iipandsd. Thii ii 
piodncwl by ooa enbio metre ot ■ gu, but the 
qwdfla bMl ntan to nnili ot •reight. and Ihaietore it ii neoaiury in ordu to koo* D 
to i«diio* tha eboie quantity to ■ unit ol weight. One oabio metre of hydrogen at 0° 
and TOO nun. preuore (reiBhs ODSM liilo, a gai ol molecular weight M has a deniity 
M a, coo<wqiieatly a cubic metre weighs (at 0° and TOO mm.) OlMtgU kilo, and thxrefore 
1 kilogram ol Iha gaa Dccopiei a Tolame t DIMieU cabic metrea, and heoce the Oltamal 
work D in Ihe heating ol 1 kila ot the given gu Ihraiigh l°^D«39e,'0-Ot4SM,Dr D^l/H. 

TaldngthDbagTutndaot thDintemaJ workBlDrgaseaaHnegligeabfe if perjD 
are taken, and therefore euppoiing B = D, wn find the epeciBc heat of gasee at a constant 
preiBore Q -^ K * K M, where K ii the apecifio heat at a constant volame, or the tmo 
epeciSc heat, and U the malecDlar weight. Hence K^Q-Si'H. 'Che magnitude ol the 
apeciBc heat Q ii given by dinet eiparimenL AcconJing In BegUDlt'a oipeiiments, lor 
oiygen it>^0'91T:, for hydrogen 3'<DEi, lor nitrogen 01138; the molecular weighla ot 
Ihaie guea ate S2, 3, and IB, and therefore tor oxygen K-O^ITS-I 
for hydragon Ki^MOM-l-OOO^YtOfiO, and lor nitnigen K'^O'MSS-i 

«e trna specids heats of elemenla are in invena proportion to their atomio welghti-; 
that is, their prodnct by Ihe atomic weight ii a coaalaDt quantity. In tact, tor oxygen 
(his product'D'lSDxlacfl'l8, tor hydrogen ft'40, for ttitrogeD O'TTQt f ]4=fl^414, and 
Iheretoreit A stand for the atomic weight we obtain the expreuion Kk A=a cc 
•rliich may be taken Ba3-t9, Ttua !< the true erpteasioa ot Didoog aud Fetit'a law, 
because R ii the true specific heat and A the weight of the atom. It should be remarked, 
moreover, that Ihe product ot the obserTad specific heal Q into A is alao a constaat 
qnantity (lor oiygen -S'4S. lor hydrogen -^ SIO), beeauie the eitemiLl work D is also 
biveraely proportional to the atomic weight- 
In the case ol gaaes we distinguish the specifio best at a constant preesore c* (we 
designated this qnantity above by Q), and at a constant volume e. It is evident that 
Ihe relalicn telwaen the two Mpeei/ic htati, k, judging from (ha above, is tha ratio ol Q 
to S, or equal to the ratio of S-lEn-vS to S-tSn. 'When n^-l this ratio i- IS; when 
ti-S, it^l'liKben n-fi. Ir^l'l, and with an eiceodincly large number n, of aloma In the 
'nolseote, t = 1. That le. iha ratio between the qwcific heata daoreaaee from 1-8 to lit 

[fled to a certain extent by direct experiment. For anob gasea as hydrogen, oxygen, 
nltrogeo, cadwnio oxide, air, andotharain which n = ft, (he oiB^iutndoot A is determined 
bj methods described in works on physics (for example, bj the change ol Camperatnni 
with an alteration cl presiura, by the velodty ot aonnd. £c.J and is tonud in r«ality to 
be nearly I't, and for such gates as carbonic anhydride, nitric dioxide, and others it ia 
nearly ID. Kundt and Warburg (IS7E), by means ot tbe spproiim ate method mimtiofled 
In Mote at, Chapter VII., determined k for mercorj vKponr when » >• 1, and found it to 
be *'V97— that is, a larger qnantity than for air, as would be expected from the above- 

II may be admitted that the true atomic heal otgaies^l IS. only under the oondilion 
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eaosing them to deoompoie aooordiDg to the rise of terapemtnre*^ 
therefore it it impo«ible to expect in the magnitode of the tpeaSe hesi 
the great simplicity oi relation to composition which we see, for rnttanec^ 
in the density of gaseoos snbstanoea. Hence, although the specific heat 
if one of the important means for determining the atomicity of the 
elements, still the mainstay for a true jodgment of atomicity is oolj 
given by Avogadro-Gerfaardt's law, i.e. this other method can only be 
accessory or preliminary, and when possible recoorBe should be had to 
the determination of the vapour density. 

Among the bivalent metals the first place, wiUi respect to their 
distribution in nature, is occupied by magnetium and calcium, just as 
iodium and potassium stand first amoogst the univalent metala. The 
relation which exists between the atomic weights of these four metals 
confirms the above comparison. In fact» the combining weight of 
magnesium is equal to 24, and of calcium 40 ; whilst the oombining 
weights of sodium and potassium are 23 and d9^that is, the latter 



that they are dUUni from a liquid state, and do not undergo a chemical diaage 
beated — that it, when no internal w(^k is prodnoed in them (B^o). Therefore 
work may to a certain extent be judged by the obserred specific heat. Thus, for intfaaee, 
for chlorine (Q » 0*12, Begnault ; k - 1*88, according to Straker and Martin, and therefoTB 
K»0-09, lfKBO-4), the atomic heat (8*8) is much greater than for other gases containiaf 
two atom« in a molecule, and it must be assumed, therefore, that when it is heated aosM 
great internal work is accomplished. 

In order to generalise the facts concerning the specific heat of gases and eolida, it 
appears to me possible to accept the following general proposition: the Ato mi c heai 
(that is, AQ or QM/n, where <M is the molecular weight and n the number of molecnlea) is 
ttfuUlcr (in solids it attains its highest value 6*8 and in gases 3*4), the more complex ike 
moUouU {\^. the greater the number (n) of atom* forming it) and $o much tmaUer, mp 
to a certain point (in similar physical states) the tmuUer the mean titomie weight M/n. 

* As an example, it will be sufficient to refer to the specific heat of nitrogen tetrozide, 
N9O4, which, when heated, gradually passes into NO3 — that is, chemical work of decom- 
position proceeds, which consumes heat. Speaking generally, specific heat is a eomplaz 
quantity, in which it is clear that thermal data (for ^instance, the heat of reaction) alone 
cannot givu an idea either of chemical or of physical changes -indiyidnally, but always 
depend on an association of the one and the other. If a substance be heated from t^ 
to ti it cannot but suffer a chemical change (that is, the state of the atoms in the mole- 
cules changes more of less in one way or another) if dissociation sets in at a temper- 
ature t|. Even in the case of the elements whose molecules contain only one atom, 
a true chemical change is possible with a rise of temperature, because more beat is 
evolved in chemical reactions than that quantity which participates in purely phynoal 
ohanges. One gram of hydrogen (specific heat « 8*4 at a constant pressure) cooled to Um 
temi>erature of absolute soro will evolve altogether about one thousand units of heat, 
8 grams of oxygen half this amount, whilst in combining together they evolve in the 
formatiou of 9 grams of water more than thirty times as much heat. Hence the store 
of chemical energy (that is, of the motion of the atoms, vortex, or other) is much greater 
than the physical store proper to the molecules, but h is the change accomplished by 
the funnor that is the cause of chemical transformations. Here we evidently touch 00 
those limits of existing knowledge beyond which the teaching of science does not yei 
allow us to pass. Many new scientific discoveries have still to be made before this is 
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•ro one unit teas than the former.* They nil belong to the number of 
lii/lit meCaU, aa they huve but a small specific gravity, in which respect 
tbey differ from the ordinary, generally known heavy, orore, metals (for 
instance, iron, copper, silver, and lead), which are distinguished by a 
much greater specitic gravity. There is no doubt that their low specific 
gravity has a, signiGcance, not only as a simple point of distinction, but 
also ELB a property whicb determines the fundamental properties of these 
metaU. Indeed, all th4 light metals have a series of points of rtwem 
bknce with the metals of the alkalis ; thus both magDCsium and 
calcium, like the metals of the alkalis, decompose water (without tbo 
addition of acids), although not eo easily as the latter metals. The 
process of the decomposition is essentially one and the same ; for 
example, Ca + 3H,0 = CaH,Oj + Hj— that is, hydrogen is liberated 
And a hydroxide of the metal formed. These hydroxides are bases 
which neutralise nearly all acids. However, the hydroxides RH,0} of 
calcium and magnesium are in no respect so energetic as the hydroxides 
of the true metals of the alkalis ; thus when heated they lose water, 
are not so soluble, develop less heat with acids, and form various salts, 
wliich are leas stable and more easily decomposed by heat than the 
corresponding salts of sodium and potassium. Thus calcium and 
mngnesium carbonates easily part with carbonic anhydride when 
ignited ; the nitrates ore also very easily decomposed by heat, calcium 
and magnesium oxides, CaO and MgO, being left behind. The chloride* 
of magnesium and calcium, when heated with water, evolve hydrogen 
chloride, forming the corrcHpomling hydroxides, and when ignited the 
oxides themselves. All these points are evidence of a weakening of tho 
alkaline pivperttes. 

These metAls have been termed the metals of the alkaline earlJig, 
bocause they, like the alkali metals, form energetic bases. They ora 
called alkaline eartht because they are met with in nature in a state of 
combination, forming the insoluble mass of the earth, and because as 
oxides, RO, they themselves have an earthy appearance. Not a few 
salts of these metals arc known which are insoluble in water, whilst 
the corresponding salts of the alkali metals are generally Goluble~-for 
example, the carbonates, phosphates, borates, and other salts of the 
alkaline earth metals are nearly insoluble. This enables us to separate 
the metals of the alkaline earths from the metats of the alkalis. For 
tliis purpose a solution of ammonium carbonate is added to a mixed 
solution of salts of both kinds of metals, when by a double decomposition 
the insoluble carbonates of the metals of the alkaline earths are formed 

• Ai if KoH-Ug uid KH^Ca, vhich >t in uxorduico iillb theli vilency. KH 
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and fall as a precipitate, whilst the metala of the alkalis remain in 
•olution : RX, + Na^OO, s RCO3 + 2NaX. 

We may here remark that the oxides of the metals of the alkaline 
earths are frequently called by special names : MgO is called magnesia 
or bitter earth ; CaO, lime ; SrO, strontia ; and DaO, baryta. 

In the primary rooks the oxides of calcium and magnesium are 
combined with silica, sometimes in variable quantities, so that in some 
cases the lime pi^ominates and in other cases the magnesium. The two 
oxides, being analogous to each other, replace each other in equivslenl 
quantities. The Tarious forms of augite, hamblendet or amphiboU^ and 
of similar minerals, which enter into the composition of nearly all rocks, 
contain lime and magnesia and liilica. The majority of the primary 
rocks abo contain alumina, potash, and soda. These rocks, under 
the action of water (containing carbonic acid) and air, give up lime 
and magnesia to the water, and therefore they are contained in all 
kinds of water, and especially in sea- water. The carbonates CaGO^ and 
MgOO], frequently met with in nature, are soluble in an excess 0/ 
water saturated unth carbonic anhydride,^^ and therefore many natural 
waters contain these salts, and are able to yield them when evaporated. 
However, one kilogram of water saturated with carbonic anhydride 
does not dissolve more than three grams of calcium carbonate. By 
gradually expelling the d^rbonic anhydride from such water, an in- 
soluble precipitate of calcium carbonate separates out. It may oonfi- 
dently be stated that the formation of the very widely distributed 
strata of calcium and magnesium carbonates was of this nature, because 
these strata are of a sedimentary character — that is, such as would 
bo exhibited by a gradually accumulating deposit on the bottom ol 
the sea, and, moreover, frequently containing the remains of marine 
plants, and animals, shells, <S:c. It is very probable that the presenoQ 
of these organisms in the sea has played the chief part in the pre- 
cipitation of the carbonates from the sea water, because the plants 
absorb CO2, and many of the organisms CaCOs, and after death give 
deposits of carbonate of lime ; for instance, chalk, whidi is almost 
entirely composed of the minute, remains of the calcareous shields of 
such organisms. These deposits of calcium and magnesium carbonates 
are the most important sources of these metals. lame generally pre- 
dominates, because it is present in rooks and running water in greater 
quantity than magnesia, and in this case these sedimentary rocks are 

^ Sodiam oArboiukte 4nd other earboiiAtM of the alkalie give Mid salts which m lew 
soluble than the normal ; here, on the contrary, with an excetii of carbonic anhydride, « 
salt is formed which is more soluble than the normal, bat this aeid salt is more nnttable 
than sodiam hydrogen carbonate, NaHCOj. 
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termed limttlone. Sume comcaon flagstones used for paving, &c., and' 
chalk may be taken ae examples of this kind of formation. Those 
limeatsnes in which a conaidorabie portion of the calcium is replaced by 
tnagnesium are termed dolomite*. The dolomites are distinguished bj 
their hardness, and by their not parting with the whole of their car- 
bonic anhydride ao easily as the limeis tones under the action of ocida. 
Dolomites " soraetimos contain an equal numberofmoleculeaof calcium 
Darbonat« and magnesium carbonate, and they also sometimes appear 
in a crystalline form, which is easily intelligible, because calcium car- 
bonate itself is exceedingly common in thia form in nature, and is. then 
known OS cole )par, whilst natural crystalline magnesium carbonate is 
termed magnetite. The formation of the crystalline varieties of the 
insoluble carbonates is explained by the possibility of a slow deposition 
from solutions containing carbonic acid. Besides which (Chapter X.) 
calcium and magnesium sulphates are obtained from sea water, and 
therefore they are met with both aa deposits and in springs. It mast 
be observed that magnesium is held in considerable quantities in 
■ea water, because the sulphate and chloride of magnesium are very 
soluble in water, whilst calcium aulphat« is but little soluble, and it 
used in the formation of shelb ; and therefore if the occurrence of con- 
nderable deposits of magnesium sulphate cannot be expected in nature 
■till, on the other hand, one would expect {and they do actually occur) 
large masses of calcium aulphat« or gypsum, Ca80„2H,0. Oypsum 
sometimes forms strata of immense size, which extend over many 
hectometres — for example, in Russia on the Volga, and in the Doneti 
Sknd Baltic provinces. 

lime and magnesia also, but in much smaller quantities (only to 
the amount of several fractions of a per cent, and rarely more), enter 
into the composition of every fertUe soil, and without these bases the 
■oil is unable to support vegetation. Lime is particularly important 
in this respect, and its presence in a larger ijuantity generally impravea 

^^^H tiie harvest, although purely calcareous soils are as a rule infertile. 

^^^H For this reason the soil is fertilised both with lime " itself and with 
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" The foimttion of dolomito nuT be oipkined, if only we isuteiDa that ■ «o1iitiDD it 
a nugnsiitun ult mU on culciom cubouLto, Mignoslum ouboiiBts miy be toimod 
' le dccampovtiou, nod it mart be itippoied Uml this proceii ceusi iit > oeiUm 
it (Chiptei XIL), Hbun wa thall obtun a miitnre ol tbe urboutei of Mloiiun 
•ad nugneaiiUD. HutiDgisc betted a miitore of ooldnm cubnoate, CftCOi, with k tela- 
tjon of an equinlenl qauitit; ol magneuoin aulpbato, IIkSOi, in a doted tube M SOV. 
tioo of the mngocaia octatUy paiied into tbe ilalc el out^CHiom oir- 
bonale, UgCO,. and a portioD of tJu lime una coDieited into ETP""°, CaSO,. Lnbarin 
<!»»«} ahowedtbalUgCOiia mora HilablB than CaCOiin aalt watei, whiob is ol wma. 
rigolGoance in eiptaining the compogltiaD of tea valor. 

ibtfd aotioa ol lime in iam^ing tbe (ertibty of u>ilB— if not lo eitrj 
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mwl — that is, with clay mixed with a certain qaantity of oalciom 
bonate, strata of which are foand nearly everywhere 

From the soil the lime and magnesia (in a smaller qaantity) 
into the substance of jylanU, where they occur as salts. Certain of 
these salts separate in the interior of plants in a crystalline form —for 
example, calcium oxalate. The lime occurring in plants serves as the 
source for the formation of the various calcareous secretions which are 
so common in animals of all classes The bones of the highest animal 
orders, the shells of mollusca, the covering of the sea-urchin, and similar 
solid secretions of sea animals, contain calcium salts , namely, the ahells 
mainly calcium carbonate, and the bones mainly calcium phosphate. 
Certain limestones are almost entirely formed of such deposits. 
Odessa is situated on a limestone of this kind, composed of shells. 
Thus magnesium and calcium occur throughout the entire realm of 
nature, but calcium predominates. 

As lime and magnesia form bases which are in many respects 
analogous, they were not distinguished from each other for a long 
time. Magnesia waR obtained for the first time in the seventeenth 
century from Italy, and used as a medicine , and it was only in the 
last century that Black, Bergmann, and others distinguished magnesia 
from lime. 

Metallic mngrutsxum (and calcium also) is not obtained by heating 
magnesium oxide or the carbonate with charcoal, as the alkali metaU 
are obtained, '^ but is liberated by the action of a galvanic current 
on fused magnesium chloride (best mixed with potassium chloride) , 
Davy and Bussy obtained metallic magnesium by acting oh magnesium 

OMe, at ftll erentt, with ordinary soiU which have long been under com — is bawd not 
■0 much on the need of plants for the lime itself as on those chemical and physical 
changes which it produces in the soil, as a particularly powerful base which aidi (he 
alteration of the mineral and organic elements of the soil. 

*' Sodium and potassium only decompose magnesium oxide at a white heat and v^rj 
feebly, probably for two reasons. In the first place, because the reaction Mg-f O dere* 
Iq^ more heat (about 140 thousand calories) than K2 -*- O or Na.^ -f O (about 100 thousand 
dJories); and, in the second place, because magnesia is not fusible at the heat of a 
furnace and cannot act on the charcoal, sodium, or potassium — that is, it does not past 
Into that mobile state which is necessary for reaction. The first reason alone U nol 
■offlcient to explain the absence of the reaction between charcoal and magnesia, becaoee 
iron and charcoal in combining with oxygen evolve less heat than sodium or potasaium* 
yet, nevertheless, they can displace them. With respect to magnesium chloride, U acta 
on sodium and potassium, not only because their combination with chlorme evolves more 
heat than the combination of chlorine and magnesium (Mg + Cl^ gives 150 and Nat + Clt 
about 195 thousand calories), but also because a fusion, both of the magnesium chloride 
and of the double salt, takes place under the action of heat. It is prol>able, however, 
that a reverse reaction will take place. A reverse reaction might probably be expected, and 
Winkler (1800) showed that Mg reduces the oxides of the alkali metals (Chapter XQL, 
Note 42). 
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chloride with the vapours of potassium. At the preajnt time (Devilled 
process) magnesiuoi is prepared in rather considerable quantities by » 
similar process, only the potassium is replaced by aodium. Anhjdroua 
magnesium ahloride, together with sodium chloride and calcium Huorid% 
is fnsed in a close crucible. The latter substances only serve to facili- 
tate the formntioa of a fusible mass before and after the reaction, which 
is indispensable in order to prevent the access and action of air One 
[Mrt of finely diviiled sodium to five parts of magnesium chloride ii 
thrown into the strongly heated motten mass, and after stirring the 
reaction proceeds very quickly, and magnesium separates, MgCI, + Na| 
B Ug.|'2NaCI. In working on a large scale, the powdery metallio 
magnesium ia then subjected to distillation at a white heat. The dis- 
tillation of the magnesium is necessary, because the undistilled metal it 
not homogeneous '* and burns unevenly : the metal is prepared for the 
purpose of illumination. Magnesium is a whit« metal, like silver ; it 
is not soft like the alkali metals, but Is, on the contrary, hard like the 
majority of the ordiniiry metals. This follows from the fact that it 
melts nt a somewhat high temperature —namely, about 500° "and boila 
at about 1000° It is malleable and ilactile, like the generality of 
metals, so tii^t it can be drawn into wires and rolled into ribbon ; it i« 
most frequently used for lighting purposes in the latter form. Unlike 
the alkali metals, magnesium does not decompose the atmospheric 
moisture at the ordinary temperature, so that it is almost unacted on 
by air ; it is not even acted on by water at the ordinary temperature, 
BO that it may be washed to free it from sodium chloride. Magnesium 
only decomposes water with the evolution of hydrogen at the boiling 
point of water," and more rapidly at still higher temperatures. This 
is explained by the fact that in decomposing water magnesium forma 
%D insoluble hydroxide, MgH^O,, which covers the metal and hinders 
tlie further action of the wat«r. Magnesium easily displaces hydrogen 
from acids, forming magnesium salts. When ignited itbuma, not only 
in oxygen but in air (and oven in carbonic anhydride), forming a white 
powder of magnesium oxide, or magnesia ; in burning it emits a white 
and exceedingly brilliani light. The strength of this light naturally 
depends on the fact that magnesium (24 parts by weight) in burning 

" ComtnerciftJ m«f^eainin ^nenllf oonlAiiu n certain tmoIlDl of magDeiium nlCiida 
(DoviUe uid CoTQii), Hg^Ng — Ibat it. * product of tubBtitotion of ftmmoafA irh[dl Is 
iincttj [oRned(» ii snsily nhown bf eipsrimonl) vihenfnigneuDin it betted [a ailiogea. 
It ia ■ irtUawish grwn [xrader. which gifSB unniania und mft^eslt aflb wtUic, taS 
ojimogen when hialod "ilh dtrboaio anhjrdtido. Puhhoffaky (1893) showed thil Mg,K, 
ta euily formed end [■ the wle product when Ug ie, he&ted to redneia io > cnrreat ol MH,. 
Feitectlj pore mignesinro in»j be obtuned by tho mH™ nt ft gilminlii corronl. 

'• Hydngen pemrids (Wdtiiea) diuolToi lugiusinBi. The tsution hu do4 beta 
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•voIvM about 140 thomand haat uoiJka, and Ihaa tta 
buition, MgO, it infvtible by heat ; to that the T^oor of iSkm 
magnoilttin contains an ignited powder of non-volatife 
magnesia, and consequently presenta aH the c on diti c w ior dM 
dnction of a brilliant light. The light emitted by bumiiig 
contains many rays which act chemically, and' are situated in iSkm lioU 
And ultra-violot parts of the spectmm. For thia 
mugnenium may be employed for producing photographic ii 

Owing to its great affinity for oxygen, magnesium radmen 
metals (lino, iron, bismuth, antimony, cadmium, tin, In 
and oUiers) from solutions of their salts at the ordinaiy tempeiataiab^' 
and at a red heat finely divided magnesium takes up the ozjgen inm 
silica, alumina, boric anhydiide. drc. ; so that silicon and aimflar 
elements may be obtained by directly heating a miztave of porvdcrad 
silioji and magnesium in an infusible glass tube.'* 

The affinity of magnesium for the halogens is much more 
ii\M\ for oxygon,'* as is at once evident from the fact that 
of iodine acts foobly on magnesium ; still magnesium buina in tte 
va|M)urM of iodine, bromine, and chlorine. The character of 
is hIho soon in the fact that all its salts, especially in the 
<>( watttr, are docomposablo at a comparatively moderate 
tur««, Uio tOoinunts of tlio acid being evolved, and the inagnesiufli 
oxitlo, which iH non-volatile and unchangeable by heat, being lefL 
ThiH nuturally rofors to those acids which are ^emselves volatiliBed 
liy lu^at. Kvon magnosium sulphate is completely deoompoeed at 
the ((Mnporaturo at which iron melts, oxide of magnesium remainiqg 
hchiiul. This diK^omposition of magnesium salts by heat proceeda 



>*' A i«|H^i<itil fonn ut n\i\vxnXnn it unod for burning magnesium. It ii a 
ttiiHii|(uiitiMtl 111 wliirh A cylimlor roUt^n, round which a ribbon or wire of magaeahim is 
wnitiul. Thii wirti id aubj«»oi«>(l to a uniform unwinding and burning aa Um eyUndat 
itiUtfM, uiul ill ihia manner ihu Ci^mbuiition may continue uniform for a coriain Ubm. 
Thii kAiiin l« KllniiUHl in M|>«cial lamps, by causing a mixture of sand and flnelj diTidei 
iiiMi(iit*Hiuiii to ftill from a (uiiu(>t-iiliai^ n^scrvoir on to the flame. In photogr^plij tt it 
biiai ill hliiw lUinly dividcxl niAgnesium into a colourless (spirit or gaa) flame, Mid ior 
limttiiiliiiti'iiua ithottigruphy t<> light a rariridgo of a mixture of magnesium and chknte 
«if }Mil.uH*iuiii by means of a siNtrk from a KuhrokorfrK coil (D Mondel^efF, 18S9). 

1' AiHMirtliiig to Iho observations of Maack, Comaille, Buttger, and oUiers. Hie re> 
durlioii by hi*ttt iiUMitiouvd further on was pointed out by Geuther, Phipeon, I^izkitttas 
anil (lattimnann. 

** This action of metallic magnesium in all proWbility depends, although only partialis 
(m# Note 18), ou its volatility, and on the fact that, in combining with a given quantity ol 
Oiygen, it evolves more heat tlian aluminium, silicon, potassium. And other element*. 

1* Davy, on heating magnesia in chlorine, concluded that there was a complete sab* 
SliinUoD, beoause the volume of the oxygen was half the volume of the chlorine ; it it 
ffobable, however, that owing to the formation of chlorine oxide (Chapter 2n.» Note SO) 
Um dMompoeiUoD it ooi complete luid is limited by a jrevene cesetion. 
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moch more easily than that of calcium salts. For example, mag* 
BMium carbonate is totaUy decomposed at 170°, magnesium oaidv 
being leffbehind. This niagnetia, or magiieaitim cxtde, is met with 
both in an anbydrous and hydrated state in nature (the anhydrous 
magnesia as the mineral periclaae, UgO, and the hydrated magnesia 
u brudu, MgHjOj). Magnesia is a well-known medicine (calcined 
magnesia — magnetia uila). It is a white, extremely fine, and very 
voluminous powder, of specific gravity Z-i ; it is infusible by heat, and 
only shrinks or shrivels in an oxyhydrogea flame. After long contact 
the anhydrons magnesia combines with water, although very slowly, 
forming the hydroiride Mg(HO),, which, however, parts with its 
water with great ease when heated even below a red heat, and again 
yields anhydrous magnesia. This hydroxide is obtained directly aa 
a gelatinous amorphous substance w lien a soluble alkali is mixed with 
a solution of any magnesium salt, MgCI,+2KH:0 = Mg{H0)j + 2KCI. 
This deeomposition is complete, and nearly all the magnosium 
passes into the precipitate ; and this clearly shows the almost perfect 
insolubility of magnetia in wat^r. Water dissolves a scarcely per- 
ceptible quantity of magnesium hydroxide — namely, one part is dis- 
solved by 55,000 parts of water. Such a solution, however, has 
an alkaline reaction, and gives, with a salt of phosphoric acid, ft 
precipitate of magnesium phosphate, which is still more insoluble. 
Magnesia is not only dissolved by acids, forming solts, but it also dis- 
places certain other bases — for example, ammonio from aninODJum 
'Salta when boiled; and the hydroxide also absorbs carbonic anhy- 
dride from the air. The magnesium salts, like those of calcium, potas- 
sium, and sodium, are colourless if they are formed from colourless 
acids. Those which are soluble have a bitter taste, whence magnesia 
has lieen termed hUter-earth. In comparison with the alkalis magnesia 
is a feeble base, inasmuch as it forms somewhat unstable salts, easily 
gives basic salts, forms acid salts with difficulty, and is able to give 
double salts with the salts of the alkalis, which facts are characteristic 



>ha1t SI 



of feeble bases, 
mct&ls. 

The power of magnei 
very frequently shown 
{[ards ammonium salts. 
ammonium sulphates ai 
Mg(NH,),(BO,)i,fiH,0,' 



n becoming acquainted with the diiTerent 

iim salts to form double and basic salts ia 

I reactions, and is specially marked as re- 

If saturated solutions of magnesium and 

mixed together, a crystalline double salt 

is immediately precipitated. A strong 
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BolatioD of ordinary ammonium carbonate dissolves magnesiiUB 
oxide or carbonate, and precipitates cryBtals of a doable salt^ 
Mg(NH4)2(CO|)2,4H,0, from which water extracts the ammonium 
carbonate. With an excess of an ammonium salt the double salt passes 
into solution,^* and therefore if a solution contain a magnesium salt 
and an excess of an ammonium salt — for instance, sal-ammoniac- 
then sodium carbonate will no longer precipitate magnesium carbonatei 
A mixture of solutions of maf^nesium and ammonium chlorides, on 
evaporation or refrigeration, gives a double salt, Mg(NH4)Cl3,6HtO.^ 
The salts of potassium, like those of ammonium, are able to enter into 
combination with the magnesium salts.^' For instance, the double 
salt, MgKCl3,6H20, which is known as camaUite,'** and occurs in the 
salt mines of Stassfurt, may be formed by freezing a saturated solution 
of potassium chloride with an excess of magnesium chloride. A satu- 
rated solution of magnesium sulphate dissolves potassium sulphate, and 
solid magDesiura^ulphate is soluble in a'saturated solution of potassium 
sulphate. A double salt, K2Mg(S04)2,6H20, which closely resembles 
the above-mentioned ammonium salt, crystallises from these solutions.** 

^ Tliis la an example of eqailibriam and of the inflaence of mass ; the double salt if 
decomposed by water, but if instead of water we take a solution of that soluble part which 
Is formed in the decomposition of the double salt, then the latter dissolves as a whole. 

** If an excess of ammonia be added to a solution of magnesium chloride, only hall 
the magnesium is thrown down in the precipitate, SMgCl^ * SNH4.OH » Mg(OH)|| 
•f Mg.NH4Cls -f NH4CI. A solution of ammonium chloride reacts with magnesia, eTolring 
ammonia and forming a solution of the same salt^ Mg04 8NH4ClBMgNH4ClA+HtO 
+ 2NH5. 

Among.the double'salts of ammonium and magnesium, the phosphate, MgNH4PO4,SH«0^ 
is almost insoluble in water (0*07 gram is soluble in a litre), even in the preaenoe of 
ammonia. Magnesia is very frequently precipitated as this salt from B<]tutiosa in whioli 
it ia held by ammonium salts. As lime is not retain^ in solution by th6 preseooa ol 
ammonium salts, but is precipitated nevertheless by sodium carbonate, &c., it it Tvry 
easy to separate calcium from magnesium by taking advantage of these properties. 

*^ In order to see the nature and cause of formation of double salts, it is tufBdeol 
(although this docs not embrace the whole essence of the matter) to consider that one ol 
the metals of such salts (for instance, potassium) easily gives acid salts, and the other 
(in this instance, magnesium) basic salts ; the properties of distinctly basic elements pte* 
dominate in the former, whilst in the latter these properties are enfeebled, and thie 
salts formed by them bear the (Character of acids — for example, the salts of aluminiam 
or magnesium act in many cases like acids. By their mutual combination these two 
opposite properties of the salts are both satisfied 

** Camallite has been mentioned in Chapter X. (Note 4) and m Chapter XUL These 
deposits also contain much kainiie, KMgCl(S04),8U^O (sp. gr. 318 ; 100 parts of watei 
dissolve 79*6 parts at IS*'). This double salt contains two metals and two haloids. FMi 
(1889) also obtained a bromide corre8xx>nding to carnalUte. 

*^ The component parts of certain double salts diffuse at different rates, and as the 
diffused solution contains a different proportion of the component salts than the 
solution taken of the double salt, it shows that such salts are decomposed by water. 
According to RUdorff, the double salts, like camallite, MgK2(S04)2,6H30, and the alums, 
•U belong to this order (1688). But such salts as tartar emetic, the double oxalates, and 
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The nearest analogues of magnesium are Me to give eiactly Bimtlar 
double sales, both in crystalline form (monocliniu system) and coru- 

double cymiJ*! are not spparated by diffuiion, which in all probability depeoda both on 
lh« leUlite Ht« ol the diRution o( Uh component Hits ud on the Atgtre of affinity 
adtJDg between them. Thou complex alaEei ol eqtiilibriiiio which uiBt betfteaa water, 
tha indiiiiluaJ ults UX and NY, u'll the double uJt UNXT.tuvabceD alieadirputiallj 
asalyMd (n vill be ihoirQ hereatter) m that oase irhea the ayitara ia bBt«n>ueaeoiw 
(that ill when aoDaBthlng aaporateH out in a aolid atate ttota tha liquid aolntlon), bat in 
Um sue ol •qnillbci* in a bomogensoiii liquid medinm fin ■ eolDtioD) the phetionenoo i( 
IMt n olear, becaoH it concern! t^iat very theory of solution which cannot jet b« 
eonifdeHd aaeatablJAhed (Chapter l,,yotaO, and other*). Aflre^da the heterogeneoiu 
decomporition of duubln ealti, it hsi long be«a known that sochi ealte ae camallils and 
Si>[g(SO,)) glra ap tbe niore lolDble lalt if an ininffleient qoantity tj water lor thdr 
ixunpleta Hlntion be taken. The complete ■atnratioD ol ICO parti ot waist nquiru M 
O' 111. at 20= as, and at 00° W3 partu ol the Utter doable ult (anhfdioni), while 100 
paita ol water dutulrB S? partji of msgneainm anlpbate at 0°. S6 parte at !0°. and 9S 
put! at 60°, ol the aahjdruua lalt taliea. Ot all the Walea at ojailihriuin exhibited b; 
doublo lalla the moat laity iniDBtigal^ as yet ia tha ijitem dontuniog wxter, (adjam 
aolphals, otgneuuji] eulphale, and their double ult, Na)Mg(60,),, which eryMaUiw* 
with 1 and B mol. OH,. The fiiat ciyitaUo-hrdrate, MgNa](SOt)„tH^, occur* al 
8tae9furt, and ae a Hdimentary depoait in maiiy ol Ud gait lakea near A»trmklian, and ia, 
khemlore ualled ailrakkanitt. The ipocific gravity of the monoclinia priamaoltliia talt 
iasai. Uthiiult. iaBfinelydi>idediita(e.b« uiied wiUi thsueoeuary qusBtilji^ water 
(aeoordiBg to the equation MgN»,|S0,)„lH,O + 13a,O~Na^O„l(IH,0.>MgS0„7H^), 
lbs lailhu* Bobdiaea bke ptsilei ol Paria into a faoDoganeolia nua* il the (emperaCon 
b« itioif U° (Vu't llofl nnd Van Davanter, iaB8; fiakhnia Boouboora, lSB7|i but 
ibove thia Inauilioti-poiM tbe water and double aatt do 
each other: that ii, they do not aolidify or give a mixtora ot lodiain 
and magoeaiODi iDlphatm. II a miiture (in equinalenl qaactieea) ol aolution* ol thees 
aalta bo evaporated, and eryataJt ol aatrakhonite and ol Uie individnal aalt* capable ol 
pfoceflding from it be added to tha conoantratetl aotutiou to avoid the poeaibilily ol a 
•npenatorated aolution, then at t«mp«nlu[i» above 99° aatrakbanite ii eiclniinsly 
lormed (thift ia tha method of its production), but at lower temperatureA the individoal 
halts are alone pioducad. II equiralent amounta of Olanber'b aalt and inc4;Deaiuni 
•Blpbale be miied togcthia is a solid ilate, Uieia ia uo change at lemperaluiBi below 
93°, but at higher temperatorei aitrikhanile and water are lormed. The riduoH 
occupied by Nat8O,.10H,O in grama <^ 838,1 lO^aBO-E cubic oentimetns, and bj 
.l[gSO„Ta,0-tU/l'6e-IlG'lcc.; henoe their miiture in equiTaleDtqaantitieioaonpieaa 
volnmsol 366'SeJi. ThetDlume of aalrakhanite t S3*jSaa-lW'Gcc,andIheTolumeol 
IBHiO a 104 c.b, heoce their •um 1= sao-B cc, and therefore it it eaay to follow the lonoatioa 
ol Ilka aatrakhanitc in a auitablc apparatua (a kmd ot thattDOrnelsr conlaining oil and a 
powdered mixtare ol aodium and magneainni sulidiatea), and to tea by the variation ia 
volume tliBt below 32° it remaini unchanged, and at higher teiaperataru prooaeda tho 
more quickly tha higher tha lemperatore. At tha tranaitioa temperature tbe aolabilitf 

higher tomperaturea a lolutiou wludi ia aaluratod lor a mixture ol the individual aalta 
Woold be aoperaatojated for aalrakhajiite, and at lower temperatures tb,? solution ol 
Ootrakhanild will be aapHTHaturated lor ths component aaJta, aa baa buea Abown with 
«flpeciul detail by Kar^ten, Deacon, and otlier*. Raoiebooiii showed tlial there an two 
Unuta to tbe compoaitioo of tbe aolotioaB which can exist for a doublo Bait; theaa hoita 
^Jtb reapoctivoly obtained by diaaolviiig a mlitureof Iho double aalt with oacb ol ita 
■^mponunt umple aalta. Van't HoU demonstrated, bcaidea this, that the tendsncr 
^^warda the fonnaUon of davble eolte haja a distinct mflaenfe on (ha pro^raaa of doublo 
~ eniperaturai nk'vu nf the >uuitui« SUgSOi^TH^TlNaCt 

H into HgNatlSO^lHgO t MgCl„t;lI,0 1 4H.O, w1uh>l below 31- (here la not thia 
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Mg(HO)t,4MgCO„9H,0 ; bat all the magnwria is not precipitated ia 
this case, as a portion of it remaina in solution as antacid doaUe aslu 
If sodium carbonate be added to a boiling solution of nmgnesim 
sulphate a precipitate of a still more basic salt is formed, 4Mg60| 
+ 4Na<C03 + 4H,0 s 4Na,S04 -f 00. -f Mg(OH),,3MgGO»3Hsa 
This basic salt forms the ordinary drug magnena (magnena alba\ in 
the form of light porous lumps. Other basic salts are formed undsr 
certain modifications of temperature and conditi o ns of deoompositiolL 
But the normal iolt^ MgCO|, ^^ch occurs in nature as magnesite 
in the form of rhombohedra of specific gravity 3*056, cannot be 
obtained by such a method of precipitation. In fact^ the formation of 
the different basic salts shows the power of water to decompose the 
normal salt It is possible, however, to obtain this salt both in an 
anhydrous and hydrated state, A solution of magnesium carbonate in 
water containing carbonic acid is taken for this purpose. The reason 
for this is easily understood — carbonic anhydride is one of the pro* 
ducts of the decomposition of magnesium carbonate in the presence of 
water. If this solution be left to evaporate spontaneously the normal 
salt separates in a hydrated form, but in the evaporation of a heated 
solution, through which a stream of carbonic anhydride is passed, the 
anhydrous salt is formed as a crystalline mass, which remains unaltered 
in the air, like the natural mineral.'* The decomposing influence d 
water on the salts of magnesium, which is directly dependent on the 
feeble basic properties of magnesia,*^ is most clearly seen in magneiium 
chloride^ MgCl^* This salt is contained '* in the last mother-liquors of 
the evaporation of sea- water. On cooling a sufficiently concentrated 
solution, the crystallo-hydrate, MgCl^jBH^O, separates ; '' but if it be 



** The cryBtalline form of the anhydroas salt (Stained in this manner is noi tbe 
as that of the natural salt. The former givea jrhombohedra, like those in whieh ealdm 
carbonate appears as calc spar, whilst the natural salt appears as rhombio prtona, Ijlsi 
those sometifaes presented by the same carbonate aa aragonite, which wiU shortly be 
described. 

^ Magnesium sulphate enters into certain reactions which ar6 proper to niliihsrie 
acid itself. Thus, for instance, if a carefully prepand mixture of equiTaleni quanftlUee 
of hydrated mognesinm sulphate and sodium chloride be heated to rednesa. the erobh 
tion of hydrochloric add is observed just as in the action of sulphurib acid on rnnw^vn 
salt, MgS04 + SNaCl * H,0»Na3SO«+MgOt-aHCl. Magneaium ralphsle aeU m a 
similar manner on nitrates, with the erolution of nitrio acid. A mixture of il willi 
common salt and manganese peroxide gives chlorine. Sulphuric acid ia eoineiiaiet 
replaced by magnesium sulphate in galvaoio batteries— for example, in the well-known 
Meidinger battery. In the above-mentioned reactions we tee a striking example ci tbe 
similarity of the reactions of acids and salts, especially otsaHe which contain toeh feeble 
bases as magnesia. 

'* As sea* water contains many salts, MCI and MgX^ it f6llo>WB, aoeotding to Bofw 
thoUet's teaching, that MgCl^ is idso present. 

** Aa the oystallo-hydrates of the salts of aodiinn often coBtain lOB^ to mtmj el 
the salts of magnesium contain 0H2O. 
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further heated (above 106^) to remove the water, then hydrochloric 
acid passes off together with the latter, so that there ultimately remains 
magnesia with a small quantity of magnesium chloride.^^ From what 
has been said it is evident that anhydrous magnesium chloride cannot 
be obtained by simple evaporation. But if sal-ammoniac or sodium 
chloride be added to a solution of magnesium chloride, then the evolu- 
tion of hydrochloric acid does not take place, and after complete 
evaporation the residue is perfectly soluble in water. This renders it 
possible to obtain anhydrous magnesium chloride from its aqueous 
solution. Indeed the mixture with sal-ammoniac (in excess) may be 
dried (the residue consists of an anhydrous double salt, MgOl2,2NH4Cl) 
and then ignited (460^), when the sal ammoniac is converted into 
vapour and a fused mass oft anhydrous magnesium chloride remains 
behind. The anhydrous chloride evolves a very considerable amount of 
heat on the addition of water, which shows the great afiBnity the salt 
had for water. '^ Anhydrous magnesium chloride is not only obtained 
by the above method, but is also formed by the direct combination of 
chlorine and magnesium, and by the action of chlorine on magnesium 
oxide, oxygen being evolved ; this proceeds still more easily by heating 
nuigneaia toith charcoal in a stream of chlorine, when the charcoal served 
to take up the oxygen. This latter method is also employed for the pre- 
paration of chlorides which are formed in an anhydrous condition with 
still greater difficulty than magnesium chloride. Anhydrous magnesium 
chloride forms a colourless, transparent meiss, composed of flexible 
crystalline plates of a pearly lustre. It fuses at a low red heat (708^) 
into a colourless liquid, remains unchanged in a dry state, but under 
the action of moisture is partially decomposed even at the ordinary 
temperature, with formation of hydrochloric acid. When heated in the 
presence of oxygen (air) it gives chlorine and the basic salt^ which 

^ This decomposition is most simply defined as the result of the two reverse reactions, 
MgCla + H2O = MgO + 2HCI and MgO + 2Ha = MgCl^ + H^O, or as a distribation 
between O and CI2 on the one hand and Hg and Mg on the other. (With O, MgClj gives 
chlorine, see Chapter X., Note 33, and Chapter II., Note 3^'* and others, where the 
reactions and applications of MgCl^ are given.) It is then clear that, according to 
BerthoUet's doctrine, the mass of the hydrochloric acid converts the magnesium oxide 
into chloride, and the mass of the water converts the magnesium chloride into oxide. 
The crystallo-hydrate, MgCl^jeH^O, forms the limit of the reversibility. But an inter- 
mediate state of equilibrium may exist in the form of basic salts. On mixing ignited 
magnesia with a solution of magnesium chloride of specific gravity about 1*2, a solid 
mass is obtained which is scarcely decomposed by water ai the ordinary temperature 
{tee Chapter XVI., Note 4). A similar means is employed for cementing sawdust into 
a solid mass, called cylolite, used for flooring, &c. 

We may remark that MgHrj crystallises not only with 6U2O (temperature oC fusion 
ISa^'), but also with IOH3O (temperature of fusion + 12^, formed at - \%^. PanfilofT, 1804). 

^ According to Thomsen, the combination of MgClj with GUl^O evolves 83,000 calories, 
and its solution in an excess of water 86,000. 
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is formed with even greater facility under the action of heat in tht 
.presence of steam, when HCl is formed, according to the equation 
2MgCla + H jO « MgOMgCl, + 2HCL»« »»»• 

Calcium (or the metal of lime) and its compounds in many respects 
present a great resemblance to magnesium compounds, but are also 
clearly distinguished from them by many properties.*^ In general, 
calcium stands to magnesium in the same relation as potasdnm occupies 
in respect to sodium. Davy obtained metallic calcium, like potassium, 
as an^ amalgam by the action of a galvanic current; bat neither 
charcoal nor iron decomposes calcium oxide, and even sodium decom- 
poses calcium chloride^ with difficulty. But a galvanic current easily 
decomposes calcium chloride, and metallic sodium som^whst easilj 
decomposes calcium iodide when heated. As in the ease of hydrogen, 
potassium, and magnesium, the affinity of iodine for caMum is feebler 
tlian that of chlorine (and oxygen), and therefore it is not surprising 
that calcium iodide may be subjected to that decomposition, ^icKthe 
chloride and oxide undei^go with difficulty.^ MetcUlie e<iieium is of a 
yellow colour, and has a considerable lustre, which it preserves in 
dry air. Its specific gravity is 1*58. Calcium is distinguished by 
its great ductility ; it melts at a red heat and then burns in the air 
with a very brilliant flame ; the brilliancy is due to the formation of 
finely divided infusible calcium oxide. Judging from the fact that 
calcium in burning gives a very large flame, it is probable that this 

M bit jleuce MgCl) nuy be employed for the prep&ntion of chlorine And hjdroofakde 
acid (Chapters X. and XI.). In general mognesiam chloride, which ia obtained in laifi 
qnantities from sea water and Stassfort camallite, may find numerotn practi^ oaei. 

^ There are many other methods of separating calcium from magnennm betidet IhaA 
%nentioned above (Note 22). Among them it will bo sufficient to mention -the behaTioor 
of these bases towards a solution of sugar ; hydrated lime is exceedingly $oluble in on 
(iqueoUM solution ofiugar, whilst magnesia is but little soluble. All the lime may bs 
extracted from dolomite by burning it, slaking* the mixture of oxides thus obtaiiked, and 
adding a 10 p.c. solution of sugar. Carbonic anhydride precipitates caloiom oarbonale 
from this solution. The addition of sugar (molasses) to the lime need for baildiag 
purposes powerfully increases the binding power of the mortar, as I have mytalf loiliid. 
I have been told that in the East (India, Japan) the addition of sugar to cement hat loag 
been practised. 

^ Moreover Caron obtained an alloy of calcium and tine by fusing caldom efalori^^ 
jrith sine and sodium. The sine distilled from this alloy at a wHite heat, leaving ealetom 
behind (Note 50). 

S7 Calcium iodide may be prepared by saturating lime with hydriodio aoid. K ii a Ttiy 
soluble salt (at 20° one part of the salt requires 0*49 part and at 48^ 0'S6 pari of water 
for solution), is deliquescent in the air, and resembles calcium chloride in many reape c l a . 
It changes but little when evaporated, and like calcium chloride fuses when heated, and 
therefore all the water may be driven oflf by heat If anhydrous calcium iodide be heated 
with an equivalent quantity of sodium in a closely covered iron crucible, sodinm iodide 
and metallic calcium are formed (Li^s*Bodart). Duma* adviset oariying on this 
reaction in a closed ^poce under pressure. 
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metal is volatile. Calcium decomposes water at the ordinary tem- 
perature, and is oxidised in moist air, but not so rapidly as sodium. 
In burning, it gives its oxide or lime, Ca.0, a substance which is 
familiar to every one, and ot which we have already frequently bad 
occasion to speak. This oxide is not met with in nature in ft free 
Etate, because it is on energetic base which everywhere encounters acid 
substances forming salts with them. It is generally combiued with 
silica, or occurs as calcium carbonate or sulphate. The carbonate 
and nitrate are decomposed, at a red heat, with the formation of lime. 
As a rule, the carbonate, which is so frequently met with in nature^ 
serves as the source of the calcium oxide, both commercial and pure. 
When heated, calcium carbonate dissociates; CaCOj=CaO + COj. 
In practice the decomposition is conducted nt a bright rod heat, in the 
presence of steam, or a current of a foreign gas, in heaps or in special 
hilns." 

Galcium oxide — that is, quicklime — U a substance («p. gr. 3-15) 

" Kilna which ul eiUwr lotenoittsntlj ot cmtmuaiiilT axt bulll lot thii potpaH. 
TboH ot the Brat kind in filled with iltenute I>$cn dI ttet ud limmtone ; UiB 
(Del it lighlcd, and the heit develaped b; iM combutioo BOrrsi for dscompoiiug Uie 

nktd out, uid the ume praoeu repaited. Li thn coDtinnoDBly uliog lumuek, con- 
structed llko thil iboon ill flg. IS, the kiln il«ll only conlAina limHtooe, uid there us 
Ulertl heulhi for huining the fuel, lihast dune pstHa ihrougli the limeMona uid 

Oobumt limestone miij be charged from above and the bnmt lime raked oittfrDm below. 
Il ii nob every limeitona th^t ii aojtable for the preparation ol lime, becatiae inajiy 
oonlain impnritiei, prininpaU; claf, dolomite, apd Band. Sndt liniBttooea when huml 
Oitbiu' fUBD piLrtijdly or ^ye an impure lime, called poor lime in diatinction fiom that 
obUincd frofn purer limeitoiie, which ii called rich lime. The latti^r kind iacharao- 
terifted by itt diBintt^atibg ioLo a fine powder when treated with waLflr, and la 
(Ditable for Uia oiajutitT ot aaei to which lime in ap[Jied, uul lor which the poor lima 
il lomDtimei qnite nnfit. However, certain kindi ot poor lime (aa we ahall hb in 
Chapter XVIII-. Note IS) are naad in the prepantion of hydiaolio eaiiMnIa, whieh 
aolidify into a hud mua under water. 

In order to obtain perfectly puis lime il lg neceuary to lake the pureit ponible 
materiati. In ths laboratory, marble or ahelli are uied lor thia porpoaa aa a pnre lotm 
of calcium carbonate. They arc first butot in a funiaoe, then put in a ciocible and 
moUteacd with a email qoantity of watar, and finally strongly ignited, by which 
maana a pure lime is obtained. Pure lime may be more rapidly prepared by taking 
ctlclniu niliate. CaH,Oe, wliich is easily obtained by ctiaaolving limestone in nitric acid. 
The eolnlion obtained ia boiled with a amall qoantity of lime in order to precipitate the 
foreign oiidea which are inaolubls in water. The oxidea of iron, alominiuia, &e^ are 
precipiutsd by thia meana. The uJl ii then cryatalliaed and ignited : CaN,Og 
-C»0»SNO,.O. 

In the dacompoaition of ealmoni oariwuto the lime proaervea the lono of the Unipt 
anbjected to ignition ; ttuaiaoneof ths iiguadiatinguUhiug quicklime when it it Ireshly 
burnt aud unaltered by UT- Tt nttracta luoiitnn from the air and then ditintegratea 
to a powder ; if l«lt long eipoaod in tjie air, it alio attracta carbonio anhj'dride and 
jncreusa in Tolumo ; il doea not atlirely pais into cartwnate, but fonaa a oomponitd of 
lk» Utlai with dtDitia lime. 
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wUch i* aaaActed bjr he*t," umI b»7 tbcfcCore miii« m » Si» 
Kttfting flMteml. uid «u emplojtiA bjr Dcrille for the eoDBtracticn 
of fantMM ia which pbtinnn wa* mehcd, umI tilver roUtiljwd bj the 
Action of the be«t erolved br the combution o( detonating gM. The 
bjdnted linw, elaked lime, or caldam hydroxide, CkH,Oi (qMciSe 
fKritj 2-07) ia a most eomBoo •Ikaline snbtUnce, employed large!/ 




{our taui'l "^SIiL'[!I'lI.*"D,'"rt h 
buH. U. nri (nti. Q. B. 



In building for making i 

log property ia mainly due to the absorptiot 



in which case ita bind- 
of carbonio anbydride.** 



* Tb* [TMtar qntoUty of Urns !• viei in nuking moiitr lor bindisg hiiekt at rtooM 
lefaUw. is Um lonii ol limt at ctfumt, or th« Io-mIM ibtM Mm. Foi thit pBpMi 
Ibi Ubm ti niiid with nter ^nd wnd, vhioh NrrM- lo MpMkU till g«tiiil«» ol Um 



y 



THE VALENCY AND SPECinC HEAT OF THE 3IETAL3 607 

liooe, like other alkalis, acts on many animal and vegetable 8ub« 
stances, and for this reason has many practical uses— for ezamplo^ 
for removing fats, ai^d in agricnltnre for accelerating the decom* 
position of organic substances in the so-called composiM or accumu- 
lations of vegetable and animal remains used for fertilising land. 
Calcium hydroxide easily loses its water at a moderate heat (530®)» 
but it does not part with water at 100^ When mixed with water, 
lime forms a pasty mass known as t^afctd lime and in a more 
dilute form as milk of lime^ because when shaken up in water it 
remains suspended in it for a long time and presents the appearance 
of a milky liquid. But, besides this, lime is directly soluble in water, 
not to any considerable extent, but still in such a quantity that lime 
fcaier is precipitated by carbonic anhydride, and has clearly dis- 
tinguishable alkaline properties. One part of lime requires at the 
ordinary temperature about 800 parts of water for solution. At 100^ 
it. requires about 1500 parts of water, and therefore lime-water 
becomes cloudy when boiled. If lime-water be. evaporated in a 
vacuum, calcium hydroxide separates in six-sided crystals^' If 
lime-water be mixed with hydrogen peroxide minute crystals of 
calcium peroxide^ Ca02,8H20, separate; this compound is very un- 
stable and, like barium peroxide, is decomposed by heat. Lime, as a 
powerful base, combines with all acids, and in this respect presents a 
transition from the true alkalis to magnesia. Many of the salts of 

horn etch other. If only lime paste were put between two bricks they would not hold 
flrmly together, because after the water had evaporated the lime would occupy a smaller 
•pace'than before, and therefore cracks and powder would form in its mass, so tlut it would 
not at all produce that complete cementation of the bricks which it is desired to attain. 
Pieces of stone — that is, sand — mixed with the lime hinder thii process of disintegration* 
because the lime binds together the individual grains of sand mixed with it, and forms 
one concrete mass, in consequence of a process which proceeds after the desiccation or 
removal of the water. The process of the solidification of lime, taken as slaked lime, 
consiste first in the direct evaporation of the water and crystallisation of the hydrate, so 
that the lime binds the stones and sand mixed with it, just as glue binds two pieces ol 
wood. But this preliminary binding action of lime is feeble (as is seen by direct experi- 
ment) unless there be further alteration of the lime leading to the formation of carbonates, 
•ilicates, and other salts of calcium which an> distinguishf>d by their great oohesivenesa. 
With the progress of time the cement is partially subjected to the action of the carbonic 
€Uili]rdride in the air, owing to which calcium carbonate is formed, but not more than half 
4h« lima it thus converted into carbonate. Besides which, the lime partially acts on the 
«iliea off the bricks, and it is owing to these new combinations simultaneously forming 
an the oensntthat it'gradually becomes stronger and stronger. Hence the binding action 
of the lime becomes stronger with the lapse of time. This is the reason (and not, as ia 
•Qtaetimes said, because the ancients knew how to build stronger than we do) why build- 
^B^ which have stood for centuries posaess a very strongly binding cement Hydraulie 
^•nienU will be described later (Chapter ZVIIL, Note 25). 

^ Professor Glinka measured the transparent bright oystals of calcium hydzozide 
^^bich are formed in common hydraulic (Portland) cement. 

♦14 
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oalciam (the carbonate, phosphate, borate, and oxalate) are inaoloble 
in water ; besides which the sulphate is only sparingly eolnble. As 
a more energetic base than magnesia, lime forms salts, OaXf, which 
are distinguished by their stability in comparison with the salts 
MgX| ; neither does lime so easily form basic and doable salts as 
magnenia. 

Anhydrous lime does not absorb dry carbonic anhydride at the 
ordinary temperature. This was already known by Scheele, and FroL 
Schuliachenko oho wed that there is no absorption even at 360^ It 
only proceeds at a red heat,^' and then only leads to the formation 
of a mixture of calcium oxide and carbonate (Rose). But if the 
lime be slaked or dissolved, the absorption of carbonic anhydride 
proceeds rapidly and completely. These phenomena are connected 
with the disMciation of calcium carbonate^ studied by Debray (1S67)^ 
under the influence of the conceptions of dissociation introduced 
into science by Henri Saint-Claire Deville. Just as there is no 
vapour tension for non-volatile substances, so there is no dissociation 
tension of carbonic anhydride for calcium carbonate at the ordinary 

<' The act of heating brings the substunce into that state of internal motion which is 
required for reaction. It should be considered that by the act of heating not only it tha 
bond between the parts, or cohesion of the moleculet, altered (generallj dimintabed), 
not only is the motion or store of energy of the whole molecule increased, but also that in 
all probability the motion of the atoms themselves in molecules undergoes a change. Tha 
same kind of change is acoomplished by the act of solution, or of combination in general, 
judging from the fact that a dissolved or combined substance — for instance, lima with 
water— reacts on carbonic anhydride as it does under the action of heat. For the 
comprehension of chemical phenomena it is exceedingly useful to recognise clearly this 
parallelism. Rose's observation on the formation (by the slow diflfusion of solutions of 
calcium chloride and sodium carbonate) of aragonite from dilute, and of ealc spar from 
strong, solutions is easily understood from this point of view. As aragonite is always 
formed from hot solutions, it appears that dilution with water acts like heat The foUowing 
experiment of Kiihlmann is particularly instructive in this sense. Anhydrous (perfectly 
dry) barium oxide does not react with monohydrated sulphuric acid, HtS04 (oontaining 
neither free water uor anhydride, SO3). But if either an incandescent object or a motrt 
substance is brought into contact with the mixture a violent reaction immediately begins 
(it is essentially the same as combustion), and the whole mass reacts. 

The influence of solution on the process of reaction is instructively illustrated by tha 
following experiment. Lime, or barium oxide, is placed in a flask or retort having an 
upper orifice and connected with a tube immersed in mercury. A funnel furnished with 
a stopcock and filled with water is fixed into the upper orifice of the retort, which it then 
flUed with dry carbonic anhydride. There is no absorption. When % constant tem- 
perature is arrived at, the unslaked oxide is made to absorb all the carbonic anhydrida 
by carefully admitting water. A vacuum is formed, as is seen by the mercory riaittg 
•in the neck of the retort. With water the absorption 'goes on to the end, whilst under 
the action of heat there remains the dissociating tension of the carbonic anhydride. 
Furthermore, we here see that, with a certain resemblance, there is also a diiitinction, 
depending on the fact that at low temperatures calcium carbonate does not dissodata ; 
this Aatermines the complete absorption of the carbonic anhydride in tha aquaoos 
solution. 
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temperature. Just as every volatile substance lias a maximum possible 
vapoar tension for every temperature, ao also calcium carbonate has 
its corresponding dissociation ten&ion ; this at 770° (the boiling point 
of cadmium) is about 85 mm. (of the mercury column), and at 930° (the 
1»iltog point of Zn) if is about 5S0 mm. As, if the- tension be greater, 
there will bo no evaporation, so aUo there will be nu decomposition. 
Debray look crystals of calc spar, and could not observe the least change 
in them at the boiling point of linc (930°) in an atmosphere of carbonic 
uihydride taken at the atmospheric pressure (760 mm.), whilst on tho 
other hand calcinm carbonate may be completely decomposed at a 
much lover temperature if the tenaion of the carbonic anhydride be 
kept below the dissociation tension, which may be done either 6y 
directly pumping away the gas with an air-pump, or by mixing it with 
some other gas— that is, by diminishing the partial pressure of the 
carbonic anhydride,*^ just as an object may be dried at the ordinary 
temperature by removing the aqueous vapour or by carrying it off in 
R stream of another gas. Thus it is possible to obtain calcium carbon- 
ate from lime and carbonic anhydride at a certain temperature above 
that at which dissociation begins, and conversely to decompose calcium 
carbonate at the same temperature into lime and carbonic anhydride.'* 
Al the ordinary temperature the reaction of the first order (combi- 
nation) cannot proceed because the second (decomposition, dissociation) 

*^ Erpetieace hbi shown Ih&t hy maistfliuTxg putklly.bumt limft with wiLtcr uid t^ 
IwAting it, it ii «4iy to dhvo off Che tut trfrcea af Ufbonio uih)'drid« tn>m it. kod tlut, 
ingen«nJ, by blowing lii or Bt«uD throuKh IheliaiD, uid4v«Q by luing ituilbI fael, it.iB 
poMible to wcoleral* the dMompoBitioB of th« colciiua oirbonale. The p»rti»l pnutin 
to deOHWd by thcM mMni. 

*' Baton th« mtrodactiaa ol Dnntle's IheoTy of diuocikiion, the modua operandi al 
dMempoaitlau lika thit imdsr MDibknlion «■• nadinloDd in tha >sd» Uut dscompo- 
ritioa iMita at ■ otrtoin Mmpantan, and dut it i> aceelented by > Hm of tempcnlun, 
tat il tn> BOl ixmiidsnd pouibls tbatoatiibiii&tion «n>U proesod at lh« •atne MmperMnra 
U thai al irliidi deoompoation go« on. Bntlwllet ud DaviUeinlrodDc^d the concsptioa 
of cqirilibriniB into ohemiod sdaog, and elnoidated Ihs qneitioD of nvcniblc rsadtion*. 
Hatnially Iha lobject is itBl lai Ironi biing clear — the qaailioni of the nlo and CKnupletr 
n«a ol ratctioD, ol contact, Ac, itil] intrude thgm»1vn— bat ui impoitant ilep bu 
bam mads in cbemical meohanio, and we have iturted on a new path irhich pronuM* 
tartharpngTeHitowaidlwhicb much haibsen done not only by De<iille bia»dl, bat mon 
npHiallj by the Fnnch chemiita Dsbnty, TnvDt, Lemoine. Hsatefeaille, La Chateliar, 
and othen. Among other tbings thoaa inveitigaton bave ihdwn the cIo» reaambUooa 
bBtween the phenooiena of evaporation aad diBBociatioa. luid pointed ont Uiat the amount 
ol haftt ahaorbed by a diuociating inbstaaoe may be oJcoLtted according to the law ol 
ttw variation ol diMociitian-preinue, in einctly tha Bins manner ai it ii poanblo lo 
calimlale the latent heat of the avspomliOD of iraler, ksowiug the vuialioD of the tcoaion 
with the temperMurs. on the basis of the necond law of the mechanical theory ol heat. 
Dalaila of thia nbiect mott be looked tor In ipacial worka on phyiical chemiitiy. On* 
•ml (A« lOAu cmerpliott ol (ha mecdtanical theotj of beat it applieabU to ditioeiation 

' vaporallon. 
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cannot take place, and thus all the roost important phenomena with 
spect to the beharriourof lime towards carbonic anhydride are explained 
by starting from one common basis.** 

Calcium carbonate , CaCO^, is sometimes met with in nature in a 
crystalline form, and it forms an example of the phenomenon termed 
dimorphism — that is, it appears in two crystalline forms. When it 
exhibits combinations of forms belonglug to the hexagonal system (six- 
sided prisms, rhombohedra, iic.) it is called ccUc spar, Calc spar has a 
specific gravity of 2*7, and is further characterised by a distinct cleav- 
age along the planes of the fundamental rhombohedron having an angle 
of 105^. Perfectly transparent Iceland spar presents a clear example 
of double refraction (for which reason it is frequently employed in 
physical apparatus). The other form of calcium carbonate occurs in 
crystals belonging to the rhombic system, and it is then called aragon- 
its ; its specific gravity is 3*0. If calcium carbonate be artificially 
produced by slow crystallisation at the ordinary temperature, it appears 
in the rhombohedral form, but if the crystallisation be aided by heat it 
then appears as aragonite. It may therefore be supposed that calc spar 
presents the form corresponding with a low temperature, and aragonite 
with a higher temperature during crystallisation.^^ 

** Bat the question as to the formation of a basic calciom carbonate with ft rite of 
temperature still remains undecided. The presence of water complicates all the relations 
between lime and carbonic anhydride, all the more as the existence of an attractioa 
between calcium carbonate and water is seen from its being able to giro a cryttaUo* 
hydrattt CaCOsfSH^O (Pelouzo), which crystallises in rhombic prisms of sp. gr. aboai 
1*77 and loses its water at ao*^. These crystals are obtained when a solution of lime in 
•agar and water is left long exposed to the air and slowly attracts carbonic anhydrids 
from it| and also by the evaporation of such a solution at a temperature of about S**. 
On the other hand, it is probable that an acid «a/f,CaU2(C0^)^, is formed in an aqueooa 
solution, not only because water containing carbonic acid dissolves calcium carbonate, 
but more especially in view of the researches of Schloesing (1872), which showed thai 
St 16^ a litre of water in an atmosphere of carbonic anhydride (Assure 0*984 atmo* 
sphere) dissolves 1080 gram of calcium carbonate and 1*778 gram of carbonic anhydride, 
which corresponds with the formation of calcium hydrogen carbonate, and the solution 
of carbonic anhydride in the remaining water. Caro showed that a litre of water is able 
to dissolve as much as 3 grams of calcium carbonate if the pressure be increased to 4 and 
more atmospheres. The calcium carbonate is precipitated when the carbonic anhydride 
passes off in the air or in a current of another gas ; this also takes place in many natural 
springs. Tufa, stalactites, and other like formations from waters containing calcium 
carbonate and carbonic acid in solution are formed in this manner. The solubility of 
cslcium carbonate itself at the ordinary temperature does not exceed 18 milligrams per 
litre of water. 

«« Dimorphous bodies differ from true isomers and polymers in that they do not 
differ in their chemical reactions, which are determined by a difference in the distribu- 
tion (motion) of the atoms in the molecules, and therefore dimorphism is nsuallx 
ascribed to a difference in the distribution of similar molecules, building up s crystal. 
Although such a hypothesis is quite admissible in the spirit of the atomic and moleoiilsr 
theory, yet, as in such a redistribution of the molecules a perfect conservation of the 
diftribution of. the atoms in them cannot be imagined, and in every effort of <»**t***i*s l 
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Caiciiiin rulphale in combinatioa with two equivBlenta of water, 
C»S0„2H,0, is very widely distributed in nature, and is known a« 
gypiam. Gypsum loses one and a half nnd two e-quiralents of water at 
a inoderat« temperaturo," anil anhydrous or burnt gypsum is then 
obtained, which is also known as plaster of Paris, and is employed in 
large quantities for modelling.'^ This use depends on the fact that 
burnt and fine1y*divided and sifted gypsum forms a paste when mixed 
with water ; after a certain time this paste becomes Elightly heated and 
solidifies, owing to the fact that the anhydrous calcium sulphate, CaSO,, 
again combines with water. When the plaster of Paiia and water are 
first made into a paste they farm a mechanical mixture, but when the 
mass snIidiGes, then a uompound of the cak-ium sulphate with two 
molecules of wat«r is produced ; and this may be regarded as derived 
from S(OH)s by the substitution of two atoms of hydrogen by one atom 
of bivalent calcium. Natural gypsam sometime:: appears as perfectly 
coloui'less, or variegated, marble-like, masses, and sometimes in perfectly 
colourless crystals. aeUnite, of specific gravity 233. The semi-trans- 
parent gypsum, or aJoAiuf^r, is often carped into small statues. Besides 

IBKlion there moat taka plica iHrUiB motion smong the iloDis ; so in my opinion theia 
is so SrTD btuit tor dialingalahlnE dimoTpbiim ftom Ihe genenl cone* ption ot iiomeriim. 
Dsder wbioh the uiea o[ lho» orguiie bodioa which us deitro and Inio rolnlcTT (ffith 
rwpecl to polsriied light) htrs nMiitl; been hronglil vith luch bhllinnt ibohh. When 
ealcinm cubonile lepintH ont (ram solntioat, it hu at Grtt i gelatinoiu appeaniDM, 
which leadi to ths auppoiilion thai thii ull appeua in a coUoiilid ctiite. It onljr ciya- 
ttJliiei vilb the {.rogreu o[ time. The colloidal state ot catcium carbonate i( pkr- 
tknlarly cleai [ram the following obwivatloiu made by ProF. PaminUin, who ihovad 
that vhen it aepatalai From ■olulioni it is obtained ondHI certain condition! in the lorm 
el gtaini haiing tha pMuliar pasta-Iilia itructun praper to starch, vhich Uel hu not 
ealy an indopendsnt intereit, but preKDti (m uaraple ol a minoral inbilanca being 
obtained in a form until then onlj known in the organic aubitaneea elaboi^lcd in pUnta. 
Thit BhoHt that the fornii Icetli, leueta. in.) in which Tegctable and animal •abitanea* 

oolj the ruiult of thoae paFticular conditions ia which theAO aohstanceA are formed. 
Tmube uid iftetwardi Honnier and Vogt (ISSl) obMiacd ronnalioni which, anaer tha 
niioToHope, war* in erei? mpect identical in appearance with Te^fetable celli, bj meana 
Of a aimilar alow lonnation el predpitatci (by reacting on lulphatei of different laetaia 
with wdium sIIlutB or carbonate). 

•' Acsording to Le Chatelier |t8B8). ltH,0 i* loit at tlO°— that is, H,0,9Ca30, ia 
lormed, but at 194° all tha watar ia eipalled. Aocnrding to Shenttone and Cnndjtll 
(ISSa) gypium beglna to lou watet M 70° in dry air. The Kmi-hydnted compoond 
HiO.lCaSO, ii a]» formed when RTpaom la heated with waUr in a closed Teatel at 
1(0° (Hoppe-Beyler). 

** Foi atucDO-wotk it ianBoal to add lima aid aand, aa the maaaii then harder sad 
doaa not aolidity ao qnickly. For imitating mubia, glue is added to tha ptaatcr. and tha 
nuua ia poliehed when thorooghly dry. Re botnl (fypium cannot be used over again, aa 
thai whish has once salidiSed ii, like tha natural anhydride, not able to recombins with 
«*t«. Il ■■ aiident that tha atmolDre of the moleoulee in the cryalalliiad maas, at in 
(anend in any dense mas*, eierts an influence on the chemical action, which ii rnor* 
panlflolarty crideat in matala in their diflarenl loims (powder, crystalline, rolled, dre.) 
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in exactly the same manner for calcium, Ca a 40 (and magnesiam, 
Mg = 24), there is another analogue of lighter at<Hnio weight, 
beryllium, Be = 9, besides the near analogues strontium, 8r ss 87, and 
barium, Ba = 137. As rubidium and caesium are more rarely met 
with in nature than potassium, so also strontium and bariam are rarer 
than calcium (in the same way that bromine and iodine are rarer than 
chlorine). Since they exhibit many points of resemblance with calcium, 
strontium and barium may be characterised after a very short acquain- 
tance with their chief compounds ; this shows the important advantages 
gained by distributing the elements according to their natural gronpti 
to which matter we shall turn our attention in the next chapter. 

Among the compounds of barium met with in nature the commonest 
is the sulphate^ BaS04, which forms anhydrous crystals of the rhombio 
system, which are' identical in their crystalline form with anhydrite^ 
and generally occur as transparent and semi-transparent masses of 
tabular crystals having a high specific gravity, namely 4*45, for which 
reason this salt bears the name of heavy spar or harytts. Analogous to 
it is celesiiney SrS04, which is, however, more rarely met with. Heavy 
spar fr«*qucntly forms the gangue separated on dressing roetallio oret 
from the vein stuff; this mineral is the source of all other barium 
compounds ; for the carbonate, although more easily transformed 
into the other compounds (because acids act directly on it, evolving 
carbonic anhydride), is a comparatively rai^e mineral (BaCO^ forma 
the mineral untherite ; SrCOs, atrontianite ; both are rare, the 
latter is found at Etna). The treatment of barium sulphate is 
rendered difficult from the fact that it is insoluble both in water and 
acids, and has therefore to be treated by a method of reduction.^^ 
Like sodium sulphate and calcium sulphate, heavy spar when heated 
with charcoal parts with its oxygen and forms barium sulphide, BaS. 
For this purpose a pasty mixture of powdered heavy spar, charcocd, 
and tar is subjected to the action of a strong heat, when BaS04 
4.4C=:BaS + 4CO. The residue is then treated with water, in which 
the barium sulphide is soluble.^' When boiled with hydrochloric acid, 

crystallo-hydrate CaCl3,6HfO separates, and that a soltttion of the above composition 
(CaCIjillHaO requires 440 parts calcium chloride per 100 of water) solidifies as % oryo* 
hydrate at about -SS**. 

^1 The action of barium sulphate on sodium and potassium carbonates is given on 
p. 487. 

ft* Barium sulphide is decomposed by water, BaS-f 2H20*H9S-f Ba(0H)3 (the reac- 
tion is reversible), but both substances are soluble in water, and their separation is com* 
plicated by the fact that barium sulphide absorbs oxygen and gives insoluble barium 
sulphate. The hydrogen sulphide is sometimes removed from the solution by boiling 
with the oxides of copper or zinc. If sugiur be added to a solution of barium sulphide* 
barium saccharate ii pivcipiUtea on heating ; it is deeompotad by osiboaio s&hj* 
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' tarium cliloride, BaCl^, U obtained in solation, and the sulpfaur is dit- 
«ngaged M gaseous sulphuretted hydrogen, BaS + 2HCI = BaC], + H,8. 
In this manner barium Bulphata is converted into bsriom chloride,'* 
and the latter hy double decomposition with strong nitric acid or 
nitre gives the less soluble bariun nitrate, Bs(NOj)j,^ or vitb sodium 

driile^ lo UiAt bufum carboiutfi in foimed. An «quiv&]«nl laLnlnre of udiuin fidpbAta 
vilh tArium oi fltrontioni lolph^tei vrhea ijfnil4d witb chunwl giv«4 & miitiUB of 

wfttcr aad the tolBtioD Bvapctnled, banuin or ■trontinm h^drorjde ctjttaliitat oul 
oa cooliag. uid •odium hTdnunlphida, NaUS, ii obtiiinei] io (otnlion. Tha hfdioildM 
BaQjOg ftad BrHqO^ara prepoKd on aluge Kidfl, bumgfcpplifld to mtajr tBtctioiu ; Ion 
ciUDpIc, BtiDBtium hjdroiide is pnpued lor mgti woilu for cxtruling ciyittlliuUa 
mgu fimn moluug. 

We may remiirli Uut Bonuingaull, bj igniting buinm aulpluta ia hydtochlotie acid 
gu.obtuncdi compkte decompoaition, with thr> lonaitioa of bsrioiu cUuiiJe. Attaotioa 
Bboold also be timed to Iba fact Ibat OjoDieu, by besiiog ■ miiture of charcoal and 
■bandun iolphata with nugnHinm and pobaaiom auTphatei, hhow«d tbe flaajr de&rrn- 
poMbilitf depsndiDg on the [onnatian ol doable salU, laoh as StS,Ki3, which an ttMj 
•olnbte in water, and giie a preripiUto at itrontiuin carbonate with carbonic anhydrid*. 
Id nch eiamplea « Iheie we kc tlut the force which binda doable ulti may [daj a gtii 
Id directing the conrae o[ reutiona. and tha nomber ol double aalta ol rdlicii on the eartfa'i 
•nrlace ahawa that Datura takes advantage el Ihaae foroaa ia bar chenucal proceaaoa. Ik 
Ib worthy of remark that Bnchner (ISSS), by mixing a ID per cent aolntioo of buium 
acetate with a 00 per cent- aolation of aalphate of aJomina. obtained a thick gtntinana 
Due, which only gaye a predpiUte ol BaSO, after tMing dilated with water. 

^ Baxinm anlphale it aometimea converted into barium chloride in tha lollawiag 
loajiner: fiaely-ground boriam aulphate ia heated with coal and mangaaeaa ahlorlda 

OBd when it evolves carbonic oiide the heating la atopped. The following double detxirn- 
poaitioni proceed during this operslion ; firit the carbon takea up the oiygen Imm (he 
bartnm anlphate, and gives aulpbide^BaS, which entera Into double deoompoaition wilh 
the eUoride ol raanganeae, HnCli, lormlng mangaoeaa rtlpblde, HaS, which ia [Daolobla 
In water, and aolubla bariou cfaloride* This eolotion ia euily obtained pure beeau* 
many foreign imparities, aoch aa iron, renuin in the inaolnble portion with the man- 
gaueae. The solution of bariam chloride ia chiefly used lor the preparation of bariun 
snlpbate, which is precipitated by anlpburic acid, by which means barium autphate la 
rB-formed aa a powder. This ult is cbuacterised by the [act that it ia nnacted on by 

Owing to this, artificial barium solphata lonna a pennanenl white paiol wUch ia used 
tualead of (and mixed with) white lead, and haa been Icrmed 'tlonc fij£' or 'permanent 



is 1 M part of w 



^ifl eolation ol one part ol colciDm chloride at 

paratora. and (be aalution ol barium chloride S'Xa pajta of water. The solubility of tba 
bromides and-Jodidaa varies in the aame proportion. The chluridea ol barium and atron- 
Uma oyatalliH out from lolatiou with great enae in combination nilli water ; they lorai 
BaClaiSBfO and 8rCl].SH^. Tha latter (which acparalee out at 10°) reeemblea tha 
Hlla of Ca and Hg in composition, and £tard (1S93} obtained SrCl„aH,0 from aolation* 
at BO-lSO'. We may ajeo obaerva that the eryttallo-bydratea BaBi|,HtO and Bal^TH^ 

>■ The nilralea 8r(N0])g (in tha cold iU tolutious give a cryalallo.hydrala caDlaiidllc 
4H,0) and Ba(NOJi are ao vary aparinglyaolol)leb water thai they aeparata in conddB^ 
aolutioa ol lodiam uittala ia addad W a atnng MtluUon ol sthw 



^_ Hue qoanuuea 
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m;i}« if^ji 



earbooate a preexpitate ol barinm carixMiAte^ BaCO^ Botii tibese laitt 

are able to give ^riajn oxidf^ or dtf/yC/r, BaO, and tlie hjdroxick^ 
Ba(HO)T, which diikrs from ]ime bj its great lolBbOitj in water,** 
and bj the eaae with which it forms a crjstallo-hjdntev BaH^O^SHtO, 
from its solations. Owing to its solabilitj, baryta is firequentlj 
emploved in nuLniifactores and in practical chemistrj as an alkali 
which has the very important property that it may be always entirely 
removed from solution by the addition of sulphuric acid, which entirely 
sepantes it as the insoluble barium sulphate* BaSO«. It may also be 
removed %-hilst it remains in an alkaline state (for example, the 
excess which may remain when it is used for saturating acids) by 
means of carbonic anhydride, which also completely precipitates baryta 
as a sparingly soluble, colouriessi and powdery carbonate. Both these 
reactions show that baryta has such properties as would very greatly 
extend its use were its compounds as widdy distributed as those of 
sodium and calcium, and were its soluble compounds not potsooous. 
Barium nitrate is directly decomposed by the action of heat, barium 
oxide being left behind. The same takes place with barium car- 
bonate, especially that form of it precipitated from sclationa, and 
when mixed with charcoal or ignited in an atmosphere of steam* 
Barium oxide combines with water with the development oi, a large 
amount of heat, and the resultant hydroxide is very stable in its reten- 
tion of the water, although it parts with it when strongly ignited,**^ 
With oxygen the anhydrous oxide gives, as already mentioned ia 

bAriora or strontium chloride. They are obtained by the action of nitric acid on the carbon* 
ates or oxides. 100 parta of water at 15^ dissolve 65 parts ol strontiam nitraie and 8*S 
partfl of barium nitrate, whilst more than 800 parts of calcium nitraie are soluble al the 
•ame temperature. Strontium nitrate communicates a crimson coloraii<» to the flame of 
bunu'ng subolnnces ^nd is therefore frequently used for Bengal fire, fireworki, and signal 
Iight<t, for which purpose the salts of lithium are still better fitted. Calciom nitrate ia 
exceedingly hygroscopic. Barium nitrate, on the contrary, doe* not show thit property 
in the least degree, and in this respect it resembles potassium nitrate, and is therefore 
used instead of the latter for the preparation of a gunpowder which is called * saxiirsicia 
powder ' (76 parts of barium nitrate, 2 parts of nitre, and W parts of charcoal). 

*» Tlie dissociation of the crj-stallo-hydrate of baryta is given in Chapter L« Note 65. 
100 parts of w^ter dissolve 
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Supersaturated solutions aro easily formed. 

The anhydrous oxide BaO fuses in the oxyhydrogen flame. When ignited in Ui» 
rapour of potassium, the latter takes up the oxygen ; whilst in chlorine, oxygen is sepa- 
rated and barium chloride formed. 

** «>»• Brugellmsnn, by heating BaHaOj In a graphite or clay crucible, obtained BaO 
In needles, sp. gr. 6 82, and by heating in a platinum crucible— In crystals belonging to 
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Chapters III. and IV., a peroxide, BaO^.^ Neither calcium nor 
etrontium oxides are able to give such a peroxide directly, but they 
form peroxides under the action of hydrogen peroxide. 

Barium oxide is decomposed when heated with potassium; fused 
barium chloride is decomposed, as Davy showed, by the action of a 
galvanic current, forming metallic barium ; and Crookes (1862) obtained 
an amalgam of barium from which the mercury could easily be driven 
off, by heating sodium amalgam in a saturated solution of barium 
chloride. Strontium is obtained by the same processes. Both metals 
are soluble in mercury, and seem to be non-volatile or only very slightly 
volatile. They are both heavier than water; the specific gravity 
of barium is 3*6, and of strontium 2*5. They both decompose water at 
the ordinary temperature, like the metals of the alkalis. 

Barium and strontium as saline elements are characterised by theit* 
powerful basic properties, so that they form acid salts with difficulty, 
and scarcely form basic salts. On comparing them together and with 
calcium, it is evident that the alkaline properties in this group (as in 
the group potassium, rubidium, caesium) increase with the atomic 
weight, and this succession clearly shows itself in many of their corre- 
sponding compounds. Thus, for instance, the solubility of the 
hydroxides BH,Os and the specific gravity^^ rise in passing from 
calcium to strontium and barium, while the solubility of the sulphates 



the cubical system, sp. gr. 6*74. SrO is obUined in the latter form from the nitrate* 
The following are the specific gravities of the oxides from different sources :— 
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*^ The property of barium oxide of absorbing oxygen when heated, and giving the 
peroxide, BaOj, is very characteristic for this oxide {see Chapter IIL, Note 7). It only 
belongs to the anhydrous oxide. The hydroxide does not absorb ox3rgen. Peroxides of 
caldnin and strontium may be obtained by means of hydrogen peroxide. Barium per* 
oxide is insoluble in water, but is able to form a hydrate with it, and also to combine 
with hydrogen peroxide, forming a very unstable compound having the composition 
BaHa04 (obtained by Professor Schone), which in course of time evolves oxygen (Chi^ 
ter IV., Note 21). 

^ Even in solutions a gradual progression in the increase of the specific gravity show}i 
itself, not only for equivalent solutions (for instance, RCla+200H3O), but even with an 
equal percentage composition, as is seen from the curves giving the specific gravity 
(water 4^ « 10,000) at 15^ (for barium chloride, according to Bourdiakoff's determinaf 
lions): 

BeCla : 8»0,992-t-67*21i» + 0*lllj}* 

CaCl^ : 8 » 0,992 + 80*24i> + 0'47(^ 

Bra, : 8 = 9,992 +86*67|>+ 0-78^ 

BaCls: 8 » 9,992+ 88-M|p+ 0*81^ 
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decreases,'^ and therefore in the case of magnesium and berylliam, as 
metals whose atomic weights are still less, we should expect the solu- 
bility of the sulphates to be greater, and this is in reality the case. 

Just as in the series of the alkali metals we saw the metals potas- 
sium, rubidium, and csesium approaching near to each other in their 
properties, and allied to them two metals having smaller combining 
weights — namely, sodium, and the lightest of all, lithium, which all 
exhibited certain peculiar chaiucteristic properties — so also in the case 
of the metals of the alkaline earths we find, besides calcium, barium, 
and strontium, the metal magnesium and also beryllium or glttcinunu 
In respect to the magnitude of its atomic weight, this last occupies the 
name position in the series of the metals of the alkaline earths as lithium 
does in the series of the alkali metals, for the combining weight of 
beryllium, Be or 01=9. This cou\bining weight is greater than that 
of lithium (7), as the combining weight of magnesium (24) is greater 
tlian that of sodium (23), and as that of calcium (40) is greater than 
tliat of potassium (39), tfec.'^ Beryllium was so named because it occurs 
in the mineral beryl. The metal is also called glucinum (from the 
Oreek word yXvKvs, * sweet'), because its salts have a sweet taste. It 
occurs in beryl, aquamarine, the emerald, and other minerals, which 
are generally of a green colour ; they are sometimes found in consider- 
able masses, but as a rule are comparatively rare and, as transparent 
crystals, form precious stones. The composition of beryl and of the 
emerald is as follows : AljO^^SBeOyGSiO,. The Siberian and Brazilian 
beryls are the best known. The specific gravity of beryl is about 2*7. 
Beryllium oxide, from the feebleness of its basic properties, presents 

<* One part of calciom Bulph&ie at the ordinary temperature reqairet about 500 parU 
of water for Bolution, ttrontlnm tulpliate about 7,000 parts, barium sulphate about 400,000 
parts, whilst beryllium sulphate is easily soluble in water. 

^ We refer beryllium to the class of the bivalent metals of the alkaline earths — that 
Is, we ascribe to its oxide the formula BeO, and do not consider it as trivalent (Be > 18*5, 
Chapter VII., Note 91), although that view has been upheld by many chemists. The true 
Atomic composition of beryllium oxide was first given by the Russian ehemist, Ard^fP 
(1819), in his researches on the compounds of this metal. He compared the compounds of 
beryllium to those of magnesium, and refuted the notion prevalent at the time, of the 
resemblance between the oxides of beryllium and aluminium, by proving thM bexyllium 
lulphate presents a greater resemblance to magnesium sulphate thMi to aluminium 
sulphate. It was especially noticed that the analogues of alumina give alums, whilst 
beryllium oxide, although it is a feeble base, easily giving, like magnesia, baaio ftnd 
double salts, does not form true alums. The establishment of the periodic system of ths 
elements (1869), considered in the following chapter, immediately indicated thai 
Avd^ffs view corresponded with the truth— that is, that beryllium is bivalent, 
which therefore necessitated the denial of its trivalency. This scientific contr o ve r ey. 
resulted in a long aeries of researches (1870-80) concerning this element, and ended in 
Kilson and Pettersson— two of the chief advocatesof the trivalency of beiyllium— deter* 
mining the vapour density of BeCl^ (»40, Chapter VII., Note 91), which gave so 
undoubted proof of its bivalenoy f$9$ also Note 8). 
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kn uiAlogy to aluminium oxide in the sanie wajr that lithium oxide la 
»nalogous to magnesium oxide.*" Owing to its rare occurrence ii> natare, 
to the absence of any especially distinct individual properties, and to 
tlie pOEsibility of for«t«llbg them to a certain extent on the basis of Uie 
periodic system of the elements given in the following cbapt«r, and 
owing to the brevity of this treatise, we will not discuss at any length 
the compounds of beryllium, and will only observe that their 
indiTidunlity was pointed out in 1798 by Vauquetin, and that 
metallic beryllium was obtained by Wohler and Bussy. Wohler 
obtained mtlaiUe beryllium (tike magnesium) by acting on beryllium 
chloride, BeCU, with potassium (it is best prepared by fusing 
E]BeF, with Na). Metallic beryllium has a specific gravity l-€4 
(Nilson and Fettersson). It is very infusible, melting at nearly 
the same temperature as silver, which it resembles in its white 
colour and lustre. It is characterised by the fact that it is very diCR- 
cultly oxidised, and even in the oxidising flame of the blowpipe is only 
superficially covered by a coating of oxide ; it does not burn in pure 
oxygen, and does not decompwe water at the ordinary temperature or 

» Brijlligin oiidn, Iik« alamiiiima oiiJo, is precipitated trom tolutioca ol ilj ulU 
hj ■llmlii IS > gcljLtinoiis bidroiide, BaHiO,, vhich, like alamina. a ulable ia ui mceu 
cl uualic poUab or ftodL ThiB rekction tdjij b« token ^vintt^o of for diituigniihing 
•nd Hpmlmg berjUiuB) bom tlanuniam, b«aiiH when the alktlioe ■olutiou it dilalfd 
with water and boiled. berjltiDm hydnsida la precipiutsd, vbilit Uu! alDmiu ram^i 
In utDtion. The aolability ol the berjlHam o>ids at ones cleailr indicate* iti teeble 
baiic properliet, and, as it Han, e«piu«teB Ihii oxide Iroin the clasiof (he alkaline sarthi. 
But on arnngiog (he oiidea of the above-deicribed metala o[ (he alkaline eartha accord- 
ing ID their decreaaing a(amic waighta ne have the series 

BaO, ScO, CaO, UgO, BaO, 

Id vhich tha hoaic prDperliea and aolnbilltj of (ha onidea consecutifelj and dietinaUf 
decTcaie until He reach a point ufaen, had ne not knom of the eiietenco of the beryllinm 
oiids, we iboDld upset (o find in ila place an oiide inaoluble in water and of leable baaio 
pnpertiei. If an akohoUc solution of caDatic potuah ba Bstnntad with the hj^nte ol 
BeO, and avapoiated under the leceiTer of an air pump, it lonne silky crystals BeK,0|. 
Another charadflriatic of the aalta of hairUium ia that they give with aqneoua am- 
mooia a gelatinous precipitate which ia soluble in an aiccss of ammoniuiii carboaats 
like Ibe predpitate of magnesia; in thia beryUJum oxide diflers from the oxide crt 
■laminium. Berytliimi oiide easily lonas ■ cvbonats which ii insoloble la water, tad 
rsaemblea magnesium carbonate in many reapecta Bet^'Uiom sulphate ta distinguialwd 
by its canaidarafale aolubility in water— thus, at the ordinary temperature it disaalvea 
in an equal weight of water ^ it ciystallises out from iu tolutiona in wall-formed crystala, 
which do not change in the air, and coDltin BeSOu«H,0. When ignited it learei 
beryllinm oiide, bot thia o>ida, after prolonged ignition, is ta-ditBoIvedbytulphurioacid, 

DO longer soluble in acids. With a lew oceptioni, the salts ol bciylliuni eryttalHse with 
great difficulty, and to a conaidorabte extent resemble the aaltt of mafnetiami thus, (or 
iDitance, becylliBia cbloride it analogoni to magneilDm chloride. It ia TolatHe in aa 
anhydrous state, and In ■ hydnted state it decompose^ with tha emlatioo ol Igrdio* 
■cblorio acid. 
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at a red heat, but gaseous hydrochloric acid is decomposed bj it when 
slightly heated, with evolution of hydrogen and development of a con- 
siderable amount of heat. Even dilute hydrochloric acid acts in the 
same manner at the ordinary temperature. Beryllium also acts easily 
on sulphuric acid, but it is remarkable that neither dilute nor strong 
nitric acid acts on beiyllium, which seems especially able to resist 
oxidising agents. Potassium hydroxide acts on beryllium as on 
aluminium, hydrogen being disengaged and the metal dissolved, but 
ammonia has no action on it. These properties of metallic beryllium 
seem to isolate it from the series of the other metals described in this 
chapter, but if we compare the properties of calcium, magnesiumi and 
beryllium we shall see that magnesium occupies a position intermediate 
between the other two. Whilst calcium decomposes water with great 
ease, magnesium does so with difficulty, and beryllium not at all. The 
peculiarities of beryllium among the metals of the alkaline earths recall 
the fact that in the series of the halogens we saw that fluorine differed 
from the other halogens in many of its properties and had the smallest 
atomic weight. The same is the case with regard to beryllium among 
the other metals of the alkaline earths. 

In addition to the above characteristics of the compounds of the 
metals of the alkaline earths, we must add that they, like the 
alkali metals, combine with nitrogen and hydrogen, and while sodium 
nitride (obtained by igniting the amide of sodium, Chapter XII., 
Kote 44 bis) and lithium nitride (obtained by heating lithium in nitrogen, 
Chapter XIII., Note 39) have the composition . RaN, so the nitrides 
of magnesium (Note 14), calcium, strontium, and barium, have the 
composition RaN 2, for example, Ba3N2, as might be expected from the 
diatomicityof the metals of the alkaline earths and from the relation of 
the nitrides to ammonia, which is obtained from all of these compounds 
by the action of water. The nitrides of Ca, Sr, and Ba are formed 
directly (Maquenne, 1892) by heating the metals iji nitrogen. They all 
have the appearance of an amorphous powder of dark colour; at 
regards their reactions, it is known that besides disengaging ammonia 
with water, they form cyanides when heated with carbonic oxide ; for 
instance, BaaN, + 2C0 = Ba(CN)a + 2Ba0.6» 

The metals of the alkaline earths, just like Na and K, absorb 
hydrogen under certain conditions, and form pulverulent easily oxidis* 
able metallic hydrides, whose composition corresponds exactly to that 
of NajH and KqH, with the substitution of K2 and Nag by the atoms 

^^ Thus In the nitrides of the metalt we hftve tnbstances by meant o£ which we ean 
ejtsily obt&in from the nitrogen of the air, not only ammonia, but also with the aid of 
CO, by synthesis, a whole series of complex carbon and nitrogen copipoundt. 
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Be, Mg, Ga, Sr, and Ba. The hydrides of the metah of the aJkaline 
earthi were discovered by 0. Winkler (1891) in investigating the 
reducibility of these metals by magnesium. In reducing their oxides 
by heating them with magnesium powder in a stream of hydrogenj 
Winkler observed that the hydrogen was absorbed (but very slowly), %,e. 
at the moment of their separation all the metals of the alkaline earths 
combine with hydrogen. This absorptive power increases in passing 
from Be to Mg, Ca, 8r, and Ba, and the resultant hydrides retain the 
combined hydrogen^' when heated, so that these hydrides are distin* 
guishod for their considerable stability under heat, but they oxidise 
very easily.*' 

Thus the analogies and correlation of the metals of these two groups 
are now clearly marked, not only in their behaviour towards oxygen, 
chlorine, acids, &c,, but also in their capability of combining with 
nitrogen and hydrogen. 

^ Ab the hydrides of calciam, mognesiam, &c. are very stable under the action of 
htati and these metals and hydrogen occur in the sun, it is likely that the formation of 
tlieir hydrides may take place there. (Private communication from Prof. Winkler, 1804.) 
It li probable that in the free metals of the alkaline earths hitherto obtained a portion 
was frequently in combination with nitrogen and hydrogen. 

^ Thus, for instance, a mixture of 56 parts of CaO and 24 parts of magnesium powder 
it heated in an iron pipe (placed over a row of gas burners as in the combustion furnace 
used for organio analysis) in a stream of hydrogen. After being heated for | hour the 
mixture is found to absorb hydrogen (it no longer passes over the mixture, but is retained 
by it). The product, which is light grey, and slightly coherent, disengages a mass of 
hydrogen when water is poured over it, and bums when heated in air. The resultant 
mast contains 88 per cent. CaH, about 28 per cent. CaO, and about 88 per cent. MgO. 
Neither CaH nor any other MH has yet been obtained in a pure state. 

The acetylene derivatives of the metals of the alkaline earths C^M (Chapter Vin., 
Note 12 bis), for instance, CjBa, obtained by Maquenne and Moissan, belong to the same 
datt of analogout compounds. It must here be remarked that the oxides MO of the 
metals of the alkaline earths, although not reducible by carbon at a furnace heat, yet 
imder the action of the heat attained in electrical furnaces, not only give up their oxygen 
to carbon (probably partly owing to the action of the current), but also combine with car- 
bon. The resultant compounds, CjM, evolve acetylene, C2H2} with HCI, just as N}lCs 
give ammonia. We may remark moreover that the series of compounds of the metals of 
the alkaline earths with hydrogen, nitrogen and carbon is a discovery of recent years, and 
that probably further research will give rise to similar unexpected compounds, and by 
eitending our knowledge of their reactions prove to be of great interest. 
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